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OPP OFFICIAL RECORD
HEALTH EFFECTS DIVISION
SCIENTIFIC DATA REVIEWS

EPA SERIES 361 @
Primary Review by: Stephen C. Dapson, Ph.D. afﬁﬂ?ii’

Pharmacologist, Review Section I, TB-HFAS/HED (H?SOQC)

Secondary Review by: Yiannakis M. Ioannou, Ph.D. ' /gﬁga {; Sﬂ

Section Head, Review Section I, TB-HFAS/HED (H7505C) { /5
DATA EVALUATION RECORD

I. Study Type: General Metabolism - Rat
cuideline: 85-1

Study Title: The Excretion and Metabolism of SENCOR by Rats

EPA Tdentjification Numbers: EPA MRID No. 40255503
EPA Pesticde Chemical Code 101101
Caswell No. 33D
HED Project No. 5-027 A
Document No.

Spongor: Mobay Corporation
Agricultural Chemicals Division
P.C. Box 4913
Hawthorn Road
Kansas City, MO 64120-0013

Testing ILaboratory: Mobay Corporation
Agricultural Chemicals Division

Research and Development Department
Box 4913, Hawthorn Road
Kansas City, MO 64120

Study Number(s): Laboratory Project ID: SE4R
Mobay AG Chem No. 94805

Study Date(s): June 25, 1987

Study Aunthor({s): K.S. Cain, C.M. Hanlon, J.B. Lane
14

C -~ SENCOR

Vial No. C~380B

Specific Activity = 20.8 mCi/mmol
Purity = 98.4% to 99.4%
Unlabeled SENCOR

Lot 4 510258

Purity = 99,0%

Test Material:

Test Animals: Young adult male and female Wistar rats
(Rattus norvegicus)
Supplier: Charles River Breeding Laboratories,
Inc., Boston, Ma
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IT. Materials and Methods: A copy of the "Materials and Methods"
section from the investigators report is appended. The
comments and highlights on these "materials and methods" are
as follows.

Animals were fasted 24 hours prior to radiolabelled compound
administration, water was available. The animals received food
and water, ad libitum, after administration of the test compound.

Animals weighed 146 to 263 gms at time of dosing and were
approximately 9 weeks of age. They were acclimated 7 days prior
to dosing. Separate plastic metabolism cages were used after
dosing (except for preliminary study where glass cages were
used) .

Dosing solutions were freshly prepared for each test group.
The investigators followed the recommendation in the Pesticide
Assessment Guidelines for choice of test groups: a low dose group
treated with a single dose corresponding to the NOEL; a high dose
group receiving a single administration; a repeated dose group
receiving unlabelled compound daily for 14 days (low dose level)
followed by a single labelled dose. Oral dosing was the chosen
route, they did not employ intravenous dosing since SENCOR
(Metribuzin) does not have adeguate water solubility.

Preliminary studies were conducted on the volatility of
SENCOR and its metabolites. Two female rats were used. They
were treated with a 5.0 mg/kg single dose and placed in all glass
metabolism cages. Urine, feces and expired air were collected.
Urine and feces collection times were 8, 12, 24, 48, 72, and $6
hours. Urine was collected under various conditions, see
attached "materials and methods" for additional information.

For the primary study, urine and feces were collected at 8,
12, 24, 48, 72 and 96 hours. Urine was collected in the presence
of 5 ml isopropanol (based on results of preliminary study).
Urine volumes were measured. Samples of urine and feces were
handled for analysis as described in the attached "materials and
methods . "

Rats were anesthetized %6 hours post treatment. Blood was
collected from the descending aorta. The liver, heart, gonads,
gastrointestinal tract, spleen and kidneys were removed.
Further, the brain was removed and samples of fat, bone and
muscle were taken. Weights of all samples were recorded and
treated as described in the attached "materials and methods."
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Cages were rinsed with 150 ml of methanol followed by 150 ml
of 2N HCl. The samples were then analyzed.

Samples of urine were used for metabolite isolation and
identification. The investigators prepared separate composite
samples of each sex for 0 through 48 hours for the low dose
groups and 0 through 72 hours for the high dose group. Adqueous
and organic extractions including enzymatic and acid hydrolysis
treated samples were analyzed by thin layer chromatography (TLC),
high pressure liquid chromatography (HPLC) or gas chromatography
(GC). GC~Mass Spectromety (GC-MS) was also carried out on sonme
samples. See attached "materials and methods" for more detail.

Sample of feces were also used for metabolite isolation and
identification. The investigators used separate composite
samples for each sex for the single dose low and high dose groups
at 0 to 48 or 72 hours, respectively. For the mulitple dose
animals, composite samples of females of 0 to 72 hours and for
males of 0 to 48 hours. The samples were treated in a similar
manner as with the urine samples.

A signed statement of "no claim of confidentiality" was
included.

A signed "Good lLaboratory Practice Certification" was
included.

3 signed "Certificate of Authenticity" was included.

IIT. Results

A, Preliminary Study

The investigators found "insignificant amounts of
radiocactivity (<0.1% of administered dose)" in expired air,
therefore, expired air was not collected during the primary study
(as allowed by the EPA Guidelines).

The investigators found that approximately 60.4% of the
label was excreted in the feces and 38.4% in the urine. Further,
they found that greater than 95% of the administered dose was
excreted by 96 hours, therefore, they limited the primary study
to this time frame.

Urine was collected under 2 conditions, either at 0°¢C or in
the presence of isopropyl alcohol. Both were intended to inhibit
microbial activity. No major differences were noted, so the
investigators used isopropyl alcohol based on "ease of handling",
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B. Primary Study

1. Clinical Obzervations

The high dose group (500 mg/kg} presented with labored
breathing and either rapid blinking or closed eyes. Some animals
were reported to "tremhle and then become very still%. Two
female rats died, one on day 2 and the other on day 3. The
investigators used two replacement females. No Male rats were
reported to have died. In the low dose group (5 mg/kg), one
fenale was eliminated due to gavage error and one male from
diarrhea (before and after treatment). No animals were replaced,
however, as there were still $ animals per sex left, which meets
the EPA Guidelines recommendation.

No clinical observations were reported for the repeated dose
group.

2. Radiolabel Recovery

The following table extracted from the investigators report
presents the label recovered.

Percent of Administered Radicactivity
Group B Group C Group D
Male Female Male Female Male Female

Urine i7.6 37.7 40.0 43 .4 27.3 32.2
Feces 60.5 61.0 59.1 55.8 71.5 66.3
Blood 0.1 0.2 0.1 0.1 0.2 0.1
Tissues 0.2 .2 0.2 g.1 0.2 0.3
Carcass 0.6 0.4 0.2 0.2 0.3 g.4
Cage Rinse 1.0 0.5 0.4 0.4 0.5 0.7
TOTAL 1¢0.0 1l00.0 3100.0 100.0 100.0 100.0
Actual % of Radiolabel

Recovered 106.1 1106.1 95.2 895.8 104.7 102Z.5

Mean Recovery = 101.7
Standard Deviation = 5.0
Data extracted from Table IV, Mobay Ag Chem# 94605.

The investigators "normalized" the above data for ease of
reporting. The major route of excretion was the feces, ranging
from 55.8 to 71.5% of administered label. The urine excretion
was slightly less varying from 27.3 to 43.4%.
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3. Radiolabel Excretion

The investigators stated that "no siggiiicant differences
were detected in the rates and routes of C-elimination between
male and female rats", this pertains to the total excretion and
the previous table supports this statement. Little residual
radiolabel was found in the blood, tissues, carcass and cage
rinse. The above results are similar to an earlier study. Mobay
AG Chem # 33366 conducted in 1972 (DER attached).

The investigators further stated that there were "no
significant differences in the rates and routes of radiocarbon
elimination between male and female rats" in either the low or
high dose single administration groups. This can be seen, on
attached Figures 4 and 5 from the investigators report. The
excretion levels appear to plateau at approximately 48 hours for
the low dose and at approximately 72 hours for the high dose.

The investigators stated that the repeated dose group showed
a difference in the rate of elimination between males and
females. They stated that: "The percent of radiocarbon
elininated via the urine reached a plateau by 48 hours in the
male and female rats". And further, "However, in the feces, the
male rats' elimination of radiocarbon reached a plateau by 48
hours and the female rats' feces elimination of radioactivizy did
not reach a plateau until 72 hours post-administration of *“c-
SENCOR". Figure 6 from the investigators report, however, shows
that elimination in both urine and feces reached a plateau at
slightly greater than 70 hours. The group mean data also seem to
support this 70 plus hours plateau, although one can stretch the
point and say that the urine levels began the peak at 48 hours.

4. Tissue Digtribution

Attached combined Tables V and VI presents the percent of
and concentration of dose remaining in various tissues. As can
be seen on the Tables, very little of the administered dose (in%)
remained in the tissues and blood with the residual carcass
containing the highest levels. Low dose group levels in ppm were
found in very low amounts, with slightly greater amounts in ppm
found in the high dose group.
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5. Metabolite Identification

The investigators used pooled samples of urine and feces for
metabolite isolation and identification by TLC, HPLC and GC.

a. Urine Metabolite Analysis

The investigators subjected the urine samples to organic
extraction (after acidifying the samples to pH 2) with methanol
extraction of the agueous phase. They found 16 metabolites, 12
of which could be identified, see attached Table IX. HNo apparent
differences were noted in percent distribution between sexes or
among treatment groups. Very small amounts of the parent
compound were recovered. According to the investigators, the
most prevalent metabolites were the DA and DA-N~Ac~Cys followed
by DADX, DK, t~BuOH~SENCOR, t-BuOH~DADK, t-BuCH~DA, t-~BuOH-DK,
Butylthione, SENCOR~N~Ac~Cys and 3-amino-~DA.

Further analysis of Unknown 1 indicated that it may be
comprised of more than one conjugated metabolite of SENCOR
{(metribuzin).

Treatment with beta-glucuronidase did not release any
conjugated material in the urine sample. The investigators,
therefore, deduced that the 4 unknowns were not beta-glucuronide
conjugates,

The investigators included an open literature paper (as an
appendix) that supports their findings (attached).

b. Fecal Metabolite Analysis

The pooled fecal material samples were also treated by
organic solvent extraction with an extraction of the aqueous
phase. The majority of the metabolites were found in the aqueous
phase. After the solvent extraction, the fecal solids were
treated by acid hydrolysis and then extraction of the filtrate.
Attached Table XI presents the distribution of metabolites in
percent. No specific differences were noted between sexes or
among dose groups except for higher levels of unknown 1 in Groups
¢ and D. The most prevalent metabolites were DA-N-Ac~Cys (this
was also the most prevalent in the urine samples) and DADK
followed by parent SENCOR, DA, DK, t~BuOH~SENCOR, t~BuOH-DADK, t-
BuOH~-DA, t-BuOH-DK, SENCOR-N~Ac~Cy and 3-amino-DA.

The unknowns were further treated with beta-glucuronidase,
however, no conjugated materials were released. Therefore, the
investigators concluded that the 4 unknowns were not beta-
glucuronide conjugates of SENCOR (metribuzin) metabolites.
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IV. Discussion and Conclusions

The absorption of metribuzin (SENCOR) could not be
determined since the low water solubility of the compound
precluded the use of an IV dosed group.

Excretion data indicated that radiolabeled metribuzin is
rapidly excreted in the urine and feces (chserved at 8 hours) and
reached a plateau at 48 hours for the single dosed groups (low
and high), except the high dose female feces which reached a
plateau at 72 hours. The investigators found 27.3 to 43.4% of
the label in the urine and 55.8 to 71.5% of the label in the
feces at 96 hours. Pilot studies determined that negligible
amounts of label were found in the expired air, therefore, it was
not collected in this primary study. The high dose group
excreted the greatest amount of the label in the feces with the
least amount of label, of all 3 test groups, in the urine.

Blood levels at various time points were not determined,
however, very small amounts were found at 96 hours (sacrifice) in
the low dose and slightly higher levels in the high dose at
sacrifice.

No specific differences in tissue levels were noted in the
low dose groups. The high dose group had higher tissue levels,
which would be expected, with the GI tract having considerably
higher levels.

The investigators identified metabolites in both the urine
and feces with the most prevalent metabolite being DA~N~Ac-Cys.

The investigators proposed a metabolic pathway, for
Metribuzin in rats, see attached Figure 12. They further stated
that:

"The metabolism of SENCOR in rats appears to involve
deamination, dethioalkylation, hydroxylation of the t-
butyl side chain and conjugation.

The appearances of SENCOR-N-Ac~-Cys and DA-N-Ac-Cys
suggest SENCOR is undergoing conjugation with
glutathione. These glutathione-conjugates are
subsequently processed through the mercapturic acid
pathway. The n-acetyl cysteine conjugates can be
excreted either in the urine or the bile, explaining
their presepce in both the urine and feces samples of
the rats. The detection of Butylthione in the urine
could ke a result of cleavage of the acetyl cysteine
groups in the kidneys".

V. Core Classification: Acceptable
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Figure 4. £limination of radicactivity from Group 8 rats treated orally with
5 mg/kg 1#C-SENCOR. Tabular data are presented in Appendix 8. I =
Female Urine, Il = Female Feces, 11l = Male Urine, [V = Male Feces.
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Figure 5. Elimination of radicactivity from Group D rats treated orally with
500 mg/kg *C-SENCOR. Tabular data are presented in Appendix 8.
I = Female Urine, II = Female Feces, III = Male UYrine, IV = Maje
Feces.
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Figure 6. Elimination of radicactivity from Group C rats treated orally for
I4 days with 12C-SENCOR {5 mg/kg) follawed by a single oral dose
{5 mg/kg) of Y4C-SENCOR. Tabular data are presented in Appendix B.
I = Female Urine, Il = Female Feces, III = Male Urine, IV = Male

Feces,
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Butylthione
SENCOR

DADK

A

0K

t -BuQH-SENCOR
t -BuOH-DADK
£-BuCH-DA
t-BuDH-DK
SERCOR-N-Ac-Cys
DA-N-Ac-Cys
3-Amino-0A
Subtotal

Unk 1
Unk 2
Unk 3
Unk 62
Diffuse?
Origin

Total Percent
of Cose

iSee Figure I for structures.

TABLE 1X

SENCOR Rat Metabolism
Percent Distribution of Metabolites!

Detected in UYrine

9460

Urine Percent of Oose

residue in tissues.
®Unk 4 and 5 only -seen in feces.
3Radioactivity not associated with any identified standavrd.

30

Values expressed as

Group B Group C Group D
Female Male Female Hale Female Male
g.1 0.0 0.1 0.0 0.8 0.5
0.7 1.2 1.0 0.6 0.5 0.5
3.3 2.6 3.2 4.2 2.2 1.0
4.8 7.3 8.5 8.4 1.5 2.1
2.0 1.6 1.8 2.0 4.3 1.8
0.2 0.3 g.0 0.0 0.4 0.2
1.5 1.9 2.1 1.9 2.1 1.8
1.3 1.6 2.1 0.9 0.6 0.8
1.6 2.3 1.8 1.7 3.4 1.0
0.1 0.4 0.1 0.3 0.3 0.7
6.7 7.3 6.7 7.8 6.0 6.4
1.1 1.1 1.5 2.0 1.6 .1
23.4 27.1 28.49 29.8 23.6 17.6
4.4 2.5 4.0 4.4 6.4 5.0
0.4 0.3 6.5 0.3 0.5 0.7
0.0 0.0 0.0 0.0 0.7 0.4
0.4 0.6 0.7 0.7 0.7 0.3
0.0 0.0 0.2 0.4 0.0 0.0
3.7 3.2 6.1 5.0 2.8 2.6
32.2 33.7 40.4 40.8 34.7 26.5

percents of total 4C-

’/‘f

12

B
=y
s



HED Records Center Series 361 Science Reviews - File R058668 - Page 13 of 43

946053

SENCOR Rat Metabolism
Percent Distribution of Metabolites?
Detected in Feces

Ffeces Percent of Oose

Group B Group C Group D
Female Male Femate Male Female Male
SENCOR 1.0 1.2 1.5 1.7 1.8 1.9
DADK 5.1 5.5 6.2 6.1 4.8 3.8
0A 1.1 0.9 0.6 0.6 2.0 2.4
DK 4.3 3.7 2.0 3.4 1.8 1.3
t-8udH-SENCOR 0.3 0.1 0.8 0.6 0.3 0.3
t-8uDH-DADK 2.1 1.5 2.1 2.0 4.9 3.5
t-BuCH-DA 0.9 0.7 0.4 0.4 0.2 0.1
£-BuQH-DK 1.9 1.4 0.6 1.6 0.3 1.7
SENCOR-~N-Ac-Cys 0.9 0.8 1.4 0.6 0.0 0.0
DA-N-Ac-Cys g.4 9.1 6.2 6.5 17.7 15.3
3-Amine-DA 1.9 1.7 2.6 3.3 3.5 3.9
Subtotal 28.0 26.7 24.9 26.8 37.8 34.3
Unk 1 1.1 1.0 7.8 8.6 2.8 §.9
Unk 42 4.5 3.5 2.3 2.8 0.0 0.0
Unk 9 0.1 . 0.0 0.2 0.2 0.1 - 0.1
Unk 6 1.0 1.0 0.2 0.2 0.2 0.3
Diffuse3 0.2 0.2 0.7 0.8 0.1 0.2
Origin 4.1 3.3 _4.0 4.8 1.8 3.3
Total Percent
¢f Dose §0.2 35.7 39.9 44 .3 44 8 43.1

tSee Figure 1 for structures. Values expressed as percents of total 14¢-
residue in tissues,

*Unk 2 and 3 only seen in urine.

IRadiocactivity not associated with any identified standard.

13
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Proposad metabolic pathway of SENCOR in rats.
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INTRODUCTION

The excretion and metabolism of SENCOR (4-amino-6-(1,1-dimethylethyl)}-3
(methylthio}-1,2,4-triazin-5H)-one}’ by male and female Wistar rats was
investigated. .

EXPERIMENTAL

Animals were treated and maintained at the Mobay Toxicology Department
facility, Stanley Kansas. The laboratory research and sample analyses were
conducted at the Biochemistry Research Laboratories of Mobay Corporation,
Agricultural Chemicals Division at Kansas City, Missouri and Stanley, Kansas.
Studies were conducted from Movember 1985 to May 1987.

Materials

14C-SENCOR (vial No. C-380B)}, specific activity 20.8 mCi/mmol, with a
12€:13€:19C ratio of 1:1:1 at the 5 position of the ring, was synthesized by
Poje!, Radiochemical purities, determined by thin-Tayer chromatography (7LC,
HEDH TLC system, see Table I) were 99.4% for the Tow dose preparation, 98.4%
for the repeat dose preparation and 98.9% for the high dose preparation.
Unlabeled SENCOR, Lot #51025%, used for admixture in the high dose
preparation, had a chemical purity of 99.0%.

. The structures and chromatographic characteristics of SENCOR and related
standards are shown in figure 1 and Table 1. These standards were preparad in
the research laboratories of Mobay Corporation, Kansas City, M0 and Bayer AG,
Federal Republic of Germany. Their identities were confirmed by gas
chromatugraphy/mass spectrometry (GC/MS).

15
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Animal Handling

Young adult (male and female) Wistar rats (Rattus norvegicus) were obtained
from Charles River Breeding Laboratories, Inc., Boston, MA. The rats were
acclimated for at least 7 days before administration of SENCOR.

The rats were fasted for 24 hours before 14C-dose administration, and were
allowed food ad 77bitum after administration of the test compound. Orinking
water was availabie to the animals at all times.

At the time of !4C-dosing the individual rats weighed 146 to 263 g. Their
approximate ages were 9 weeks. The dose for each individual rat was based on
the average weight of all the animals in the group, or in the case of the
repeat dose level the average weight according to sex. TIndividual body
weights were within 16% of the group mean. Rats were treated with 2 to 5 gl
of dose solution per gram body weight. Each dose was administered orally via
a stainless steel gavage dosing needle on a serological syringe. After
dosing, the rats were placed in separate Nalgene metabolism cages which
allowed for the separate collection of urine and feces with the exception of
the preliminary study where the rats were housed in glass cages.

flose Preparation and Administration

A new dosing solution was prepared for each group of rats. SENCOR-5-%4C
(stored at room temperature in benzene) was prepared for dosing by evaporating
the solvent under a gentle stream of nitrogen. The 1*C-SENCOR was then
redisselved in ethanol:propylene glycol (1:1). Oosing solutions of unlabeled
SENCOR were prepared as described for the 4C-SENCOR.

As shown in Table II, 3 dose groups were selected according to the EPA
guidelines. The low dose experiment (Group B) rats were treated orally with a
single 5 mg/kg dose of !4C-SENCOR which corresponded to the no-effect level
seen in a previous study3. The high dose experiment (Group D) rats received a
single oral dose of radiolabeled SENCDR at 500 mg/kg. The repeat dose
experiment (Group C)} rats were dosed daily at 5 mg/kg (orally} for 14
consecutive days with unlabeled SENCOR followed by a single oral 5 mg/kg
radiolabeled dose. Table II is a summary of all the groups of rats and the
actual amount of :4C-SENCOR administered to each group. The weights of the
individual rats are Tisted in Appendix A.

Concerning the intravenous dosing of rats (EPA group A), the EPA Guidelines
state, "If it is not possible to dissolve the test substance in physiolegical
saline or water, this group may be omitted*." The rats were dosed at 5 gl of
dosing solution per gram of body weight which is approximately 8-10 % of their
total blood volume.

5 pg SENCOR . g body wt . 1 g lmg _ 1.mg
(5 ppm) g body wt 5 4l soln il o g

= 1000 ppm

16
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SENCOR has a water solubility of 980 ppm so it was not possible to administer
the compound by intravenous injection at the required dose level {Sppm).

Preliminary Studies

To determine the volatility of SENCOR and its metabolic products, a
preliminary study was conducted with two female rats. Both rats were treated
with §.0 mg/kg of 24C-SENCOR and placed in individual, all glass Roth
metabolism cages which allowed separate collection of urine, feces and expired
gases. Air was drawn through the cages at a rate of approximately 235 ml/min.
Incoming air passed through separate towers of Drierite {removes water) and
Ascarite {CO, scrubber) prior to entering the cages. Expired gases were
passed through 200 ml of 10% sodium hydroxide {NaOH) and sampled at sacrifice.
The urine from rat #A was collected in a container kept on ice during the
sampling period and the urine from rat #B8 was collected in the presence of

5 ml isopropyl alcohol {IPA}. Urine and feces were collected at 8, 12, 24,
48, 72 and 96 hours.

Sample Collection and Quantitative Analysis

Urine and feces were collected from rats {Groups B, C and D) at the intervals
indicated in Table III. Urine was collected in the presence of 5 ml
isopropano]l. Urine volumes were measured and duplicate aliquots from each
sample were quantitated by 1iquid scintillation counting {LSC) using a Packard
Tri-Carb Model 460 Tiquid scintillation spectrometer with automatic external
standardization. Fecal samples from each rat at each sampling interval were
homogenized with a small metal spatula and water was added, if needed, to
produce a homogeneocus mixture. Triplicate aliquots (100 to 350 mg) were
oxidized to '*CD, in a Packard Model 306 sample oxidizer and radicassayed by
LsC.

Ninefy six hours after administration of the !4C-SENCOR dose the rats were
anesthetized with halothane until eye blinking ceased and respiration slowed.
A longitudinal incision was made to open the peritoneum. Approximately I

to 2 ml of Heparin in water (Sigma Chemicals, 2 mg/ml) was added to the
peritoneal cavity and as much blood as possible was collected from the
descending aorta. Liver, lungs, heart, gonads, gastrointestinal (GI) tract,
spleen and kidneys were removed. The skull was opened and the brain was
removed through the temporal cavity. Samples of fat, bone and muscle were
also taken. Weights of all tissues and total body weight were recorded at the
time of sacrifice. The tissues were rinsed with water, if necessary, to
remove excess surface blood. Tissues, GI tracts and carcasses were frozen
until processed.

Tissues, excluding the GI tracts, were minced using scissors. Individual G!
tracts, with contents intact, were processed by chopping with dry ice in an
Omni-mixer (Ivan Sorvall, Inc). Carcasses were individually chopped with dry
fce in a Hobart food chopper. Triplicate aliquots of all tissues were’
oxidized to *C0, and quantitated by LSC.

11
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After sacrifice of the animals, the metabolism cages were rinsed with 150 ml
of methano]l followed by 150 ml of 2 ¥ aqueous hydrochloric acid (HC1)
solution. Triplicate aliquots of each rinsing solution were analyzed for
total radiocarbon content by LSC.

Material balance and tissue residue data were compiled with a Lotus 1,2.3
spreadsheet. Appendices 8B through E contain examples of these spreadsheets.

MetaboTite Isolation and Identificaticn

Sample Preparation. Separate composite urine samples of each sex were
prepared for Groups B and C by combining one third of the total urine
collected per individual rat at 0 through 4B hour post-administration.
Composite urine samples for each sex in Group D were prepared by combining one
third of the total urine collected per individual rat from

0 to 72 hours post-administration.

Separate composite feces samples were prepared for each sex in Groups B and D
by combining one half of the total feces collected per individual rat at 0 to
48 hours or 72 hours, respectively. Composite feces for Group C females were
prepared by combining one haif of the total feces from 0 to 72 hours and for
Group.C mates, one half of the total feces from 0 to 4B hours.

Urine Sample Extraction and Analysis. Composite urine samples from each group
and sex were extracted individually using the procedure shown in Figure 2. An
equal volume of saturated aqueous sodium chloride {NaCl) was added to the
urine which was then acidified to pH 2 with 6 ¥ HC1. The urine was extracted
3 times with isopropyl ether:ethanol {IPE:£tOH, 3:1). The Urine Organic
phases were combined, drained through sodium sulfate to remove traces of water
and concentrated. The organic phase was then quantitated by LSC and analyzed
by TLC, high pressure Tiquid chromatography (HPLC} and gas chromatography
(6C). The Urine Aqueous phase was concentrated by rotary evaporation at 37°C
and eluted through an XAD-2 resin (Sigma Chemicals) mini column {described
later) which was washed with H,0 and then with methanol (MeOH). Both the H.,D
and MeOH fractions were radioassayed by LSC. The methanol fraction was
anaiyzed by TLC.

Feces Sample Extraction and Analysis. The extraction scheme for analysis of
composite feces samples from each group and sex is presented in Figure 3.
Composite feces were extracted individually in MeOH with a Polytron tissue-
mizer (Brinkmann Instruments) and filtered through Whatman filter paper, #42.
The solids were then extracted with ethy]l acetate:MeOH (7:3) and filtered
again. The solids were extracted the final time with MeOH:H,0 (7:3) and
filtered. The combined filtrates were evaporated to an aqueous phase and
extracted three time with dichloromethane:acetonitrile {DCM:ACN, 2:1). The
organic phase {Feces organic) was concentrated and analyzed by TLC, HPLC and
GC. The aqueous filtrate {Feces agueous) was applied to a column {described
later) filled with XAD-2 resin, and ejuted sequentially with H,0, MeOH and
MeQH:6 ¥ HCT (1:1). A1l fractions were analyzed by TLC. The Feces oreanic
and fractions of the Faces aqueous were radioassayed by LSC.

12
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The extracted feces solids were refluxed overnight in 6 # HC}:MeQH {1:1) and
filtered. The filtrate was evaporated to the agueous phase and adjusted to pH
Z with NaOH. The feces filtrate was diluted with an equal volume of satyrated
aqueous NaCl solution and then extracted 3 times with IPE:EtOH (3:1). The
organic phases {designated Feces acid organic) were combined and concentrated
prior to TLC and HPLC analysis, and LSC quantitation. The aqueous phase
(designated Feces acid aqueous) was concentrated by rotary evaporation and
quantitated by LSC. Aliquots of the hydrolyzed feces solids were oxidized to
14C0, and radioassayed by LSC.

Chromatography. Various chromatographic systems are listed in Table I.
Metabolite analyses were performed by thin layer chromatography on silica gel
50 F,;, plates {0.25 mm thickness, £. Merck). As shown in Table 1, the
solvent systems used were : HEDH, hexane:ethylene glycol dimethyl ether:
dichloromethane:acetic acid {60:40:10:1); AW, isopropyl alcobol:ammonium
hvdroxide:water (8:1:1) and BEH, benzene:ethyl acetate:acetic acid (50:10:1).
Radiolabeled SENCOR and metabolic products were located by autoradiography
(Kodak film XAR-5). Unlabeled authentic standards were located by visua-
Tization under ultraviolet Tight (254 nm). Radioactive areas of interest were
scraped from TLC plates, eluted off the silica gel with MeOH and quantitated
by LSC, .

Analyses by HPLC were performed on a Zorbax C, reverse phase column {4.6 mm x
25 cm, 3 f). Two main mobile phases were used; one was a phosphate buffer/
MeOH system and the other was an ACN/H,0/HCAc (HOAc = acetic acid) system.
The solvent flow rate was I ml/min. HPLC system A was a linear gradient of
100% 0.02 # potassium phosphate buffer (pH 6.5) to 100% MeOH over 50 minutes.
HPLC system B was an isocratic composition of ACN:H,0:HOAc (875:325:2). HPLC
system C was a linear gradient of ACN:H,0:HOAc (25:225:1) to ACN:H,0:HOAc
(150:100:1) over 40 minutes. HPLC system D was a linear gradient from
H,0:HOAc (250:1) to ACN:HOAc (250:1) over 30 minutes. The wavelengths
monitored in the systems were either 275 nm or 280 nm depending on the
instrument. Two different HPLC systems were used. Detection was monitored
either with a Kratos Spectrofliow 773 varjable wavelength UV detector and a
Nuclear Enterprise Isoflaw radiocactivity monitor equipped with a 200 gl flow
cell or a Hewlstt Packard variable wavelength detector and a Berthold
radicactivity monitor (Model LB 505),

Gas chromatography conditions were as follows:

A Hewlett Packard 5890A gas chromatograph was equipped with an electron
capture detector fitted with a 15 meter wide bore capillary column, 3-um
film of OV 1701 {Quadrex, Thikote). The temperature was programmed from

180° to 250°C at 10° per minute with the detector set at 300°C and the
injector 240°C.

I3
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A Hewlett Packard 5730A gas chromatograph was equipped with an electron
capture detector fitted with a 15 meter wide bore capillary column, 1 zm

film of OB 17 (J + W Co). The temperature was programmed from 200° to 250°C
at 4° per minute with the detector temperature set at 300°C and the injector
temperature 230°C. The carrier gas was helium at 2 ml/min and the makeup gas
was a mixture of methane:argon (5%) at 58 ml1/min.

XAD-2 resin columns. Open ended, gravity flow columns packed with XAD-2 resin
{Sigmal Chemical) were used for cleanup of various aqueous fractions. HNew
resin was used for each column. The resin was cleaned prior to use twice with
MeGH and twice with acetone by stirring the resin in the solvent for several
minutes and vacuum filtering. The cleaned resin {approximately 40-50 g dry
weight) was packed in the open glass columns {1.8 cm i.d. x 25 cm) as a MeOH
slurry and washed with approximately 500 ml fresh MeDH. The columns were then
washed with S0C ml water prior to sample application. The water was allowed
to drain until it reached the top of the resin bed prior to sample appli-
cation. The mini columns used with the Urine Aqueous phases (1.8 cm x 15 cm)
contained only 10 to 15 g of resin.

Prior to column cleanup, the samples were concentrated, applying 10 m] or Tess
to each column. The samples were allowed to drain to the top of the resin bed
before the eluting solvents were added. The columns were washed with 75 to
125 m1 of water, until color no longer eluted from the column. The columns
were next washed with 100 to 150 ml MeOH until no more color was eluted and
the final eluting solvent was MeOH:&-N HCT (1:1), 100 to 150 ml, again until
all color was washed through the column. The radioactivity in each fraction
was quantitated by LSC. The MeOH and MeOH-HC1 fractions were concentrated by
rotary evaporation and analyzed by TLL, HPLC and GC.

Enzyme hydrolysis. Enzyme hydrolysis with A-glucuronidase was performed on
composite urine and feces samples. The reactions were carried out in sample
vials from Sigma Chemicals Company that contained the enzyme, {from bacteria,
1000 units) and buffer salts for 10 ml of a 4 mM potassium phosphate buffer,
pH 6.8. Positive controls were run previous to the samples, ensuring that the
enzymes were active. The sample {previously adjusted to a pH 6.8) and H,0
were added to the sample vials yielding a final volume of 10 ml. The mixture
was incubated overnight at 37°C. Control samples included the urine or feces
sample, H,0 and potassium phosphate buffer (pH 6.8) excluding the enzyme.
Hydrolysis products were extracted into IPE:EtDH and examined by TLC.

Acid Hydrolysis. Isolated unknown samples of urine composites were
concentrated to I to 2 m1 in MeOH and incubated with an equal amount of 6 ¥
HC1 for 1 hour at 60°C. Hydrolysis products were examined by TLC.

Mass Spectral Analysis. A Hewlett Packard 5395 Mass Spectrometer {electron
impact, 70 eV} coupled with a gas chromatograph was used for mass spectrai
analyses. The GC was equipped with a 12 meter methyl silicone (6.2 mm 10)
column.
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urknown. The fact that [ and the 6-chloro and &-bromo
anglogues 19 and 21 were ejther inactive or had only alight
activity in the wheat cylinder, pea segment, and pea cur-
valure tests (James and Wain, 1968) suggesta that these
compounds do not possess auxin activity. Additional
studies will be required ta elucidate the mode of action off
g-methylanthranilic acid and analogues.
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Appendix H

Metribuzin Metabolites in Mammals and Liver Microsomal Oxidage Systems:

Marian Saeman Bleeke snd John E. Casida*

63.5 .-=‘-: Mercapturic acid derivatives are the major urinasy metabolites of metribuzin [4-amino-6-(1,1-di-

OIS R B Mo

methylethyl)-3-(methyithio)-1,2,4-triarin-5(4H)-one| in intraperitoneally treated mice and orally treated
rats, accounting for ~20% of the dose. These mercapturates of metribuzin and deaminometribuzin,
in which the methylthio substituent is replaced by an N-acetylcysteinyl moiety, are also the major products
on incubation of mouse and rat liver microsomes with metribuzin in the presence of N-geatylcysteine
and NADPH. Other NADPH-dependent metabolites are deaminometribuzin and protein-bound material,
the latter formed in large amounts only when N-acetylcysteine is not added. Deamination appears to
be more important in rat than in mouse metabolism, both in vivo and in vitro. These findinga suggest
the formation of metribuzin sulfoxide and deaminometribuzin suifoxide g activated intermediates.
Oxidation of metribuzin and desminometribuzin with m-chloroperbenzoic acid yields the correypanding
sulfoxides, which react readily with N-acetylcysteine or protein in neutead agquecus solutions, The N-aminoe
group is also cleaved on peracid oxidation, but S-methyl sulfoxidation occurs more rapidly.

Metribuzin or Sencor [4-amino-6-(1,1-dimethylethyl)-
3-{methylthio)-1,2,4-triazin-5(4H)-one] is a potent photo-
System II inhibitor used as a pre- and postemergence

R Ve s il it

-: _herhicide against & variety of brosdleaf and grass weeds
M potatoes, soybeans, and other tolerant crops (Draber at
TOWel AL, 1968; Fue, 1972). Acid hydrolyzes the SMe substituent

fram the metribuzin ring to give s diketo derivative (Frear

; ELal., £983a), and metal-catalyzed oxidation with tert-butyl
w levig hydroperoxide cleaves either the C-SMe or N-NH, group
oup, 438 epending on the catalyst to form the diketo or deaming
“or ¥ derlvative, respectively (Makayama et al., 1962). The
itio : etaholic fate of metribuzin is reported in several plant
t. - ——
Jcturog Pesticida Chermistry and Toxicology Leboratory, De-
rethyjg Partment of Entomological Sciences, University of Cali-

fornia, Berkeley, California 94720,

systems but not in animals. Soybean, sugarcare, and/or
tomate form metribuzin N-glucoside and malonyl N-
glucoside, the homoglutathione conjugate, and the de-
amino-, diketo-, and deaminodiketo deﬁvgt,ives {Hilton et
el., 1974; Mangeot et al., 1979; Frear &t-ul,, 1983a,h).
Metribuzin sulfoxide is a possible intermediate in meta-
bolic formation of the komoglutathions conjugate (Frear
et al., 1983b).

This investigation considers the metabolism of metri-
buzin in rats and mice and their Hver microsomal oridage
systems. It also developa a chemical modeal for the ob-
served reactions with emphasia on the importance of me-
tribuzin suifoxide as an activated intermediate,

MATERIALS AND METHODS

Chromatography and Analysis. Thin-layef efroma-
tography {TLC) utilized precoated silica gal 80 F-254 20
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Tahle I. Thin-Layer Chromatography Ry Vaiues for
Melribuzin apd Related Compouvnds

TLC & in
indicated solvent
5
unconjugated . yutem
triazinones” CE DEH
-SMe 0.54 . 0.46
I-S(O1Me 0.09
11-SMe 0.42 0.29
H-S{D1Me 0.04
HI-NH, 0.23 0.10
in-H 0.32 34.20
1V.NH, 0.60 0.59
TLE &, in indicated
conjugated solvent aystsm®
triazinones® BAW MBBW
LSMA 0.580 069
1.5G 0.26
H-SMA 0.50 0.63
1I-5G 0.26

* For compound designations, see Figurs 1, *Silica gel chroma-
toplates developad with the following solvent syntemns: CE, chio-
roform—ethyl acetate, 1:1; DEX, dichiptomethane—ether-hoxans,
3:2:2; BAW, l-butancl-acetic scid-watsz, #:t:1; MBAW, metha-
nel-benzene-1-butancl-water, Z1:E:1, * R; = 0.00 in CE and DEH.

X 20 cm chromatoplates (EM Laboratories, Inc., Elmsford,
NY) with 0.25 and a 0.5 mm {ayer thickness for analysis
and product isolation, respectiveiy. So{vent aystems and
B¢ values are given in Tabie I. Nonradicactive products
were detected by uitraviolet (UV) quench and 4C-labe{ed
compounds by autoradiography. High-performance liquid
chromatography (HPLC) was carried out on a xBondapak
CN column (Watsrs Associates, Miiford, MA). Radic-
carbon content was quantitated by liquid scintillation
counting (1.8C) of liquid samples, radicactive ge{ regionn
scraped from TLC plates, and combusted solid samples.
Melting pointa (mp) are uncorrected,

Proton nuclear magnetic resonance ({H NMR) spectra
were obtained with either a Perkin-Elmer R32B 90-MHz
or a Bruker WM 300-MHz spectrometer. “C NMR
spectra were rocorded with the Brukar WM 300 instrument
(75.4 MHz for *C). Sampies were disso{ved in deuterated
solvents conteining 1% tetramethylsilane as the internal
standard. IR spectra were taken with a Perkin-Elmer 457
grating spectrophotometer and UV spectra with o Per-
kin-Elmer 578 spectrophotometer, Chemical ionization
mass apectra (CI-MS) were recorded with a Finnigan 3200
inatrument with methane as the reagent gas.

Chemicais. Figure 1 gives the atructures and designa-
tions for metribuzin (I-SMe) and its metabolites and re-
action products and related compounds. The chemicals
are N-aminotriazinones (I}, triszinones (I}, triazinediones
(I11}, thioxotriazinones, (IV), or various N-2-Me (V), N-
4Me (VI), or O-Me (VII} derivatives. Abbrevistions for
the ring aubstituents are given in Figure 1.

{-SMe (99% chemical purity) and [carbonyl-“C]1.SMe
(4.4 mCi/mmo{; >33% radiochemical puriiy) were pro-
vided by Mobay Chemical Corp. (Kensas City, MO).
Spectral data for {-8Me: 'H NMR (CDCL) & 4.94 (br s,
2 H, NHy}, 2.61 (s, 3 H, SMe), 1.43 (s, 8 H, t-Bu); *C NMR
(CDEL) 81610, 160.7, 151.0, 37.6, 27.5, 14.2; UV (MeOH)
Amax 227 nm (log ¢ 3.8), 293 (3.9).

Metabolism of ["*C]Metrihuzin in Rata and Mice.
{4Ci{Metribuzin was administered oraily to male albino
rats (180200 g) at 200 mg/kg and intraperitonealtly {ip)
to male Swiss-Webster mics (20-25 g) at 75 mg/kg, in sach
case with methoxytrigiycol {MTG) es the catrier vehicie.
The animals were held for 5 days in all-glass metabolism
cages with ground rat chow and water ad lihitum. Expired
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Bloeke and Casiy

A=Aminalriclinonas Tuozincnes Trol madianes
1-5Ms L-5Ma W-NHy RaNH, x:q
1-5(01 e T - SO W RaH, ™ 2.5
L-sMa I-sMA [hignalsiazinones
1-56 I-$6 IX-KHy RN, %75
I-Shr E-5ar Or-H RrH,  xag

L1
La-¢: N—2—Ms a-o: H=d—My
derivalsyas awsivalives
OMe
r o Aya =8y, B, s SMe
1~ 1 2
- 1 b Ayr r-Bu, Ry a5MA
2 C Rt MK, Ryr SMe
THo-¢: 0—=Me
derivolives

Figure . Structures and designations Jor metributin and relzted
compounds. {Me = methyl; {-Bu = fert-butyl; Ar = 34.di
chlorophenyl; 3G = glutathionyl; SMA = N-acetylcysteiny! or
mercapturic acid. The SMA derivotives Vb and Vb are
methylated).

4“CO, was menitored for the rats by collection in a mo-
noethanclamine-methyl cellosolve, 2:1, mixture., The urine
and a methano{ extract of the feces were analyzed by LSC
and TLC (CE and BAW). For isolation of the mercapturic
acids, rat urine was difuted with an equal vo{ume of sat-
ureted NaCl, acidified to pH 2 with 1 N HC{, and extracted
with 3 volumes of ether-ethanol, 3:1, and the extract was
auhjected to preparative TLC (BAW) (mercapturic acids
Ry = 0.50).

Metaboiism af [MC]Metriburin in Rat and Mouse
Liver Microsomal Enzyme Systems. Rats and mice as
above were treated ip with phenobarbital at 80 mg/kg on
each of 3 consecutive days with sacrifice on the fourth day.
Livers from these phenobarbital-induced animaly were
homogenized at 20% (fresh weight/volume) in 0.} M
phosphate, pH 7.4, buffer. Centrifigai fractionation i ¢
the soluble fraction (100000g supernatant} and the mi-
crosomal pellet (13000g supernatant and 100000g pellet
washed once by resuspenaion and recentrifigation). These
fractions were stored at —B0 *C unti{ used. Incubation
mixtures in Q.1 M phosphate, pH 7.4, buffer {2.5 mL)
contained the microsoms{ preparaticn (0,75 mL at 20%
fresh {iver weight equivalent) with one.or more of the
following additions: soluble fraction (0.50 mL,), reduced
nicotinamide adenine dinucleotide phosphaté fNADPH]I
(2.2 mg), N-acetylcyateine (MAcCye) or glutathicne (G511
(5 mg), and {1“C]I-SMe (0.05 xCi, 20 nmol) added lsst 1n
ethanol (20 pL). After incubation in a 25-mL Erlenmeyer
flaak with shaking for 2 h at 37 °C, tha mixture was ex-
tracted with chloroform (3 X 2.5 mL). The aqueous phase
was lyophiiized to dryness and the residue extracted with
methanof (3 X 2.5 mL). The dried (Mg80Q;) chioroform
fraction and the methanol fractiona were concentrated
under a stream of nitrogen and separated by TLC (CE,
BAW). Methano{ fractions from large-scale ineubatinns
(500 ug of {-5Me/flask) were subjected ta TL.C (B ¢
isolation of .= ercapturic acids. Soluene (Packard Instru-
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ment Co., Downers Grove, IL) was used to solubilize
rotein fractions for-LSC, A comparative study employed

v e from rats and mice that received no phenobarbital
retreatment.

Hydrolysis and Methylation of Mercapturic Acids.
The TLC-purified mercapturic acid metabolites were
subjected to acid hydrolysis (2 N HCI, 100 °C. 3 h), neu-
sralized with NaOH, and extracted into chloraform for
TLC analysis {CE). They were also methylated with
diazomethane (g hazardous chemical; handle with caution)
¢oliowed by separation by TLC (chloroform-ethyl acetate,
13:10; Vb Ry = 0.09, VIIb R, = 0.21) and HPLC (hexane~
othyl acetate, 2:1; Vh elutes completely before Vilb) and
analysis by CE-MS and UV,

Syntheses snd Spectral Features of Triazinones,
1{riazinediones. Thioxotrinzinones, and Related Cam-
pounds (Figure 1). The syntheses are based on proce-
dures referenced in Neunhoeffer and Wiley (1978),

I-SMe. 1V-H {3.5 g, 19 mmol, described below) was
added ta a solution of sedium (1.38 g, 60 mmol) in meth-
anal (30 ml). Methyl iodide (1.3 mL, 21 mmol) was added,
and the golution was heated at reflux for 15 min. Moast
of the methanol waa then removed under vacuum, water
(50 mL.) was added, and the solution was neutralized with
e N HCL A precipitate formed, and the mixture was ex-
tracted with ethyl acetate, After drying (MgS0,}, the ethyl
scetate was removed under vacuum. Recrvatallization
from chloroform~hexane vielded [1-SMe (3.3 g, 87%, mp
199-200 °C): 'H NMR (CD,COCD,) & 2.55 (8, 3 H, Me),
1.33 {s, 9 H, &-Bu); C NMR {CD,COCD;) § 164.2, 1800,
157.8, 37.1, 27.4, 12.4; IR (2% MeOH-CHCI,) 1650 cm™!
(C=0); UV (MeOH) A, 235 (log ¢ 3.1); CI-MS m/e 200
(M -+ 1).

II-NH,. 1-SMe (200 mg, 0.93 mmol) was refluxed in
2 N HCI (50 =L} for 3 h. The solution was cooled, neu-
trafized with 10% NaOH, and extracted with ether.
Washing the ether layer with saturated NaCl, drying
{Mg30,), and solvent evaporation yielded HI-NH, (145 mg,
9%, mp 167-168 °C): 'H NMR (CDCLy) 5 5.20 (br s, 2
H. NH:], 1.33 {s. g H, t~Bu); uc NMR (CH;COCH:; +
CD,COCD,) 6 152.8, 149.7, 1481, 37.4, 27.8: UV (MeOH)
k),,, 212 nm (log « 3.7), 262 (3.7); CI-MS m/e 185 (M +
i

HI-H. 1-SMe (200 mg, 1.0 mmol) wan treated as ghove
1o ebrain 111-H (120 me, 70%, sublimed 260-265 °C): 'H
NMR (CD;COCD;) & 1.35 (s, t-Bu); C NMR {CDCl; +
CDLOD) & 155.9, 150.7, 149.9, 36.0, 26.7; UV (MeQH) A,
208 nm (log ¢ 3.7), 261 (3.7); CLLMS mje 170 (M + 1).

1V-NH, Addition of trimethylpyruvic acid {from oxi-
dation «f pinacolone with alkaline KMnO,; Sseman, 1984)
(L8 g, 12.3 mmol) to thiocarbohydrazide (1.3 g, 12.3 mmol:
Aldnch) dissolved in refluxing water (20 mL) gave a fine
white precipitate. The suspension was stirred for 1 h and
fltered 10 yield IV-NH, (2.1 g, 8¢%, mp 219-220 °C): 'H
NMR (CD,COCD,) 4 6.43 (br 5, 2 H, NH,), 1.37 (s, 9 H.
tBu); UV (MeOH) A,_, 204 nm (log ¢ 3.5), 270 (4.0): Cl-

o (GSHIER  MS mye 201 (M + 1]

d last R IV-H. Thiosemicarbazide (4.4 g, 48 mmol; Aldrich] in
anmeyslies t water {100 mi) was treated with trirnethylpyruvic acid
> was I 5.3 ¢. 48 mmol) &s above to obtain a white precipitate.
s phatl  NaOH pollets (3.8 ¢, 96 mmol) were added, the precipitate
v vas dissolved, and the solution was heated for 30 min.
o vt "ff‘_er cooling and neutralization with 5 N HCI, the pre-
cntratedii Siblate was filtered and recrystallized from ether to yield

M-!i {13).9 %, 44%, sublimed 260270 °C): CI-MS m/e 186

Ya, Vio, ond VIla. A solution of II-SMe (43 mg, 0.22
Mmol) in methanol (5 L) was treated dropwise with a

g
.
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diazomethane—ether solution until the bubbling atopped
and the yeilow color remuined. The mixture was separated
by preparative TLC (ether-hexane, E:1) into three fractions
with e combined yield of 32 mg (68%), Va: 8 mg (25%
of products), R, = 0.08; 'H NMR (CDCL) 4 3.72 (s, 3 H,
NMe), 2.55 (s, 3 H, SMe), 1.29 (s, 9 H, t-Bu); UV (MeOH)
Aay 236 nm (log ¢ 4.1 CI-M5 m/e 214 M + 1}, Via: 14
mg 44% of products), B, = 0.22; 'H NMR (CDCl,) 4 3.45
(s, 3 H, NMe), 2.67 (s, 3 {'L S5Me), 1.37 (3,9 H, t-Bu); UV
(MeOHI M n, 211 1imn {log ¢ 4.0), 230 (3.8), 205 (3.9); CL-MS
mje 214 (M + 1). Vils: 10 mg (31% of products), R, =
0.47; '"H NMR (CDCl,) § 4.03 (s, 3 H, OMe), 2.62 (s, 3 H,
SMe), 1.37 (s, 9 H, t-Bu); UV {MeOH) A, 208 nm (log
¢ 3.9], 248 (4.1), 298 (3.6); CI-MS m/e 214 (M + 1),

Syntheses, Spectral Features, and Reactions of
Metribuzin and Deaminometribuzin Sulfoxides {I-
5(0)Me and I1.5(0)Me] (Figure 1), Peracid Oxidation
of [~SMe. A solution of [MC]§-5Me (6 mg) in chloroform
(0.5 mL) was treated with sppropriate amounts of m-
chloroperbenzoic acid {(MCPBA) with stirring at 0 °C,
Analyses involved TLC (CE) and LE2.

I-8(QYMe. A golution of I-SMe (150 mg, 0.70 mmol) in
chloroform (6 mL) at 0 °C was treated with MCPBA (65
rexg, 0.35 meal) dissalved in chloroform {6 mL) and stirred
for 5 min at 0 °C. The chloroform wes removed under
vacuum and the residue taken up in ether. Salvent
evaparation and cooling on partial removal of the sther
under vacuum with no applied heat precipitated I-S(O)Me
{30 mg, 37% based on MCPBA): *H NMR (CDCly 4 5.92
{br s, 2 H, N, 3.25 {3, 3 H, S(0)Me], 1.48 (5, 3 H, t-Bu);
BC NMR (CDClLy) § 166.9, 155.9, 149.8,38.5,31.2, 27.2. IR
(CHCL) 1675 (C==01), 1050 em™ (S=0); CI-MS mje 231
M+ 1).

{I-S{0)Me. A solution of II-SMe (500 myg, 2.5 mmol)
and MCPBA (700 mg, 3.8 mmol) in acetone {50 mL) at 0
*C was stirred for 2 h at 0 °C, the acetone was removed
under vacuum, and the residue was taken up in ether.
Partial removal of the ether gave [1-${Q)Me as a precip-
itate (350 mg, 70%): 'H NMR (CD,COCE,) 6 3.03 {s,, 3
H, 5(0)Me], 1.34 {5, 9 H, t-Bu); *C NMR {CDCL,} & 164.5,
161.7, 159.3, 399, 37.7, 27.0; IR (CHCly 1672 (C==0), 1050
cm™! (8=0); CI-MS m/e 216 (M + 1).

I-SAr. 3,4-Dichlorobenzensthicl (6 oL, 0.05 mmol;
Aldrich) was added to a solution of -3(0)Me (10 mg, 0.043
mimol) in chloroform: (0.5 mL). After 30 min st 25 °C, the
reaction mixture was separsted by TLC (0.5 mm silica gel,
developed twice in ether-hexane, 1:1), and the band at B,
= 0.32 wag scraped and axtracted with ether to give [-SAr
(9 myg, 60%): 'H NMR (CDCly) 6 7.82 (brs, 1 H, aromatic),
1.60 (br ¢, 2 H, aromatic), 4.98 (br g, 2 H, NH,), 1.43 (s,
% H, t-Bu); UV (MeOH) A, 213 nm (log « 4.4), 294 (4.0):
CI-MS5m/e345(M +1).

II-84r. 3,4-Dichlorobenzenethiol (80 oL, 0.48 mmol) was
added to an acetone solution (6 mLof H1-S(O)Me, pre-
pared in situ from [1-SMe (65 mg, 0.33-1thmol) and MCPBA
(80 mg, 0.43 mmol) s described above. The solution was
stirred overnight. II-SAr (78 mg, 70%, fp 220223 °C)
was obtained both as a white precipitate on partial removal
of the acetone under vacuum and by preparative TLC of
the supernatent (0.5 rom silics gel, acetonitrile-chloroform,
1:7, R; 0.67, recovered by chloroform extraction): 'H NMR
(CD:EOCD,) 5789 (br s, 1 H, aromatic), 7.65 (br, d, 2 K,
aromatic), 1.30 (s, 9 H, t-Bu); UV (MeOH) A, 234 (log
e 4.2); CI-MS m/e 330 (M + 1),

1-SMA. MCPBA (150 mg, 0.90 mmol) in acetone (5 mL)
at 0 °C was added to I-SMe (300 mg, 1.4 mmol) in acetone
(10 mi) at 0 °C. After 10 min this cold solutio added
dropwise to NAcCys (500 mg, 3 mmol) dissolvBd (8 0.1 M
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Table 1I. Metabollam of [*CIMetribuzin by
Pbencbarbital-Induced Rat and Mouse Liver Micrasomes in
1ha Preseace or Absence of N-Acetyleyslelne and NADPH

Appendix H {cont'd)

Bieeke and Casidg

Table 111, Trizzinedionss lrem Acid Hydrolyais of
{"*C]Metribuziu and the [*C|Mercupluric Acida Formed oy
in Vivo and in Vitro Matabolism in Hats snd Mlce

radiocarbon recovery, % .* with indiealed
fortification®

(> rompd or NAcCys +
HC fraction none MNAcCys NADPH NADPH
Rat Liver Microsnmes
I-8Me 90 91 35 28
1I-5Me 0.8 0.6 24 18
1-SMA + V] 3 o] 45
11.5MA¢
unident ifted®
apolar 7 3 B 1
palar 1 04 19 7
bound .3 0.2 14 1
Mouse Liver Microsomes
I-SMa B84 53 36 58
I1-5Me 09 06 6 -]
I.SMA + 0 z 0 24
11-8MAf
unidentified®
apolat 14 13 13 7
palat 0.6 0.8 8 3
bound 0.6 0.2 17 0.7

*Average of twe independen! sludies with data for producl
yields varying by 0.8~1.2-fold between 1he experiments. * Miztures
of mietosomes (150 mg freah Jiver weight equivalenl) with NAcCys
(5 mg) andfor NADPH (2.2 mg) @ 0.1 M phoaphate, pH 7.4,
buffer (2.5 mL} incubated for 2 b ax 37 *C. < About equal amnounts
of I-SMA and 1I-SMA, “The ynidentified metabolitas are spolar
tehlaroform sxiractablel, polar (methanol extractablel, of protsin
tound. Apolar and polar unknowns indude material at 1he origin
ot atreaking oo the plate. ¢>80% 1.SMA with a small amount of
II-SMA.

phosphate, pH 7.4, buifer (25 mL). After stirring 18 h at
25 *C, the solution was extracted with ether (2 X 20 mL),
and the aqueous phase was then saturatad with NaCl and
extracted with ether—ethanol, 3:1 (3 % 40 mL}, to recover
crude LSMA.

IL.SMA. T1-8({0)Me (100 mg, 0.47 mmol) wes dissolved
in acetone (5 mL) and treated as above to obtain crude
IL-SMA.

Dertvative with BSA. A solution of (MC]I-SMe (10 ag)
and MCPBA (30-45 ug) was held in acetone {35 zL) for
30 min at 25 °C. After analysia for [.S{0)Me content by
TLC (CE}, the solution was diluted with acetone to 0.2 mL.,
added to BSA (I0 mg} dizsoclved in 0.1 M phosphate, pH
7.4, buffer (2 ml.), and stirred for several hours at 37 °C.
An equal volume of 10% aqueous trichloroacetic acid was
added. The precipitate recovered by centrifugation was
redissolved in water (2 mL) and reprecipitated s above,
and the procedure was repeated a third time to ensure that
no soluble radioactivity remained. The precipitats was
dissolved in Soluene for LEC,

RESULTS

Metabulism of [MCIMetribuzin in RHats and Mice.
The major urinary metabolite in rats is 1I-SMA (identi-
fication discussed below] and in mice chromatographs
(BAW] in the position of -SMA + [I-SMA, in each species
accounling for ~20% of 1he administered dose within 5
days after trestrment. Although other urinery products are
not identified, they are polar compounds, such as conju-
gates, and no one of them accounta for more than 5% of
the dose. Rat feces contain 0.1-1% of the adminiatered
radiocarbon as unmetabolized I-SMs. The other rat fecal
products are not identified but do net include any ol the
nonconjugated compounds shown in Figure 1 based on
TLC cochromatography (CE, BAW) {Tsble I). No ra-
dipactivity is expired by rats as [**Clcarbon dioxide.

trinzinadione, %*

tsterial aliniidnbiubl
hydrolyzed® 111.H, 11I-H
I-SMe 89 11
II-5Me [ 100¢
[-SMA + I1-SMA“
a8l utine 0.5 99
rat enzyme 51 43
nouse enzyme 84 16

*2 N HCL 3 b, 100 *C. *Yields of III-NH, and I11-H normalired
to 100%. Additionsl products were nol recovered on chloraform
exltaction o not resolved by TLC, respeelivaly, as follows: [-SMis,
Jand 2%, rat urine, 3 and 0.5%; rat enzyme, il and 11%: mouse
enzyme, 5 and 5%. ‘Resulta with unlabeled 1{-SMe hased on T1.0°
and product visualization by UV quench. 4The pereent casiin.
carbon recovery as mercapturic ecids {I-SMA plus I1-SMA1 was
~20% in rat urine (Bleeke el ai., 1984} and 45 and 28% in rat and
mouse enzyme syatema, teapectivaly (Table I[).

Metaboltam of {"*C]Metribuzin in Rat and Mouse
Liver Microsomal Enzyme Systems. Comparative
studies revealed that phenobarbital induction increases
NADPH-dependent metabolism of [-SMe by 2-3-fold in
rats and about 50% in mice. [*C]I-SMe undergoes reia-
tively little metabolism or decompesition on incubation
with phenobarhital-induced rat or mouse liver microsames
alone or fortifiad with NAcCys (Table II}. Metabolism
i greatly facilitated and new metabolites are formed on
fortification with NADPH or a combination of NADPH
and NAcCys. Deamination to [I-SMe is more prominent
with rat then with mouse liver preparations. Fortification
with both NADPH and NA«<Cys gives a mixture of [-SMA
and II-SMA, as discussed later. Protein-bound WC de-
rivatives are major NADPH-dependent products in the
ahsence of NAcCys but not in its presence, suggesting that
the activated intermediates forming the I-SMA pius I1-
SMA mirture with NACCys are also trapped by reacuon
with protein. TLC analysis {CE and BAW, Table I) re-
vealed that the apolar and polar unknowns do not include
I-S{0}Me, I-80, II-S{0)Ms, 1I.8G, and IV-NH, &and that
iittle (<1%) IIT-H is present. III-NH, is occasionally de-
tected as & minor (1-2%) NADPH-dependent metabolite
formed in the ahsence of added thiols,

A GSH conjugate appears to form as a microsomal
metabolite under suitable conditions. Thus, & product of
appropriate TLC characteristics {BAW) is obtained with
suitahie mouse liver enzyme systems in yields as follnw~
microsome plus NADPH <1%; soluble fractien plu-~
NADPH 2%; microsome plus soluble fraction plus NAD-
PH 16%; microsoms GSH plus NADPH 13%,

Identification of MercapturicAcids in Urine and
Enzyme Systemae. -SMA and II—SMA are not separated
in the TLC systems examined (Table I). They were
therefore identified as mercapturales b C cochroma-
tography and as [-SMA or HI-SMA by degradalion and
spectroscopic methods described below. 7

Acid hydrolysis of 1-SMe and II-SMe gives primariin
11I-NH, and III-H, respectivaly (Table [EI), Analogos-
reactions of the mercapturic acids serve to distinguisi:
I-SMA from [I-SMA. The rat urinary mercapturic acid
fraction yields almoat only [II-H, strongly indicating that
it is almost entirely [I-SMA (Table IIIl. The mouse
mercapturic acids were not isolated for identification, hut
direct acid hydrolysis of the urine yields 35% HI-NH,, 5%
IH-H, and 60% polar products. The isclated mercapturic
acids {rom the mouse enzymse give III-NH, and III.H in
& 5:1 ratin, approximating the 8:1 ratio for hydrc ﬁs af
(*C}E-SMe, but in marked contrast to the 1:1 ratidfor the

)
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rable IV, Comparison of Dimethylated Mereapturie Acids
{Vh and VIib} with Related S.Meihyl Deorivatives

NMR, § uv.
methylated deriv* N N4 -
compd R R, SMe Me Me O-Me nm
N-2-Me Derivalivea
Va 1-Bu  SMe 255 3.2 36
vh tBe SMA b b 239
Ui Me SMe 248 366 236
MN-4-Me Derivatives
Via By SMe 2.67 345 211, 230,
25
vic Ma SMe 260 2.45 231, 284,
245
0O-Me Derivalives
vila 1-Bu SMe 252 403 208, 248,
298
vilb 1-Bu SMA b b 211, 248,
294
i Me SMe 2.58 .02 247,305

“Series & from aynihesis, b frem methylalion of & rat urinary
wetabolite, and e from the filerature {Daunia et al.. 19713, *Not
determined.

rat enzyme products (Table IIT). These findings suggest
that the mercapturic acid fraction is >80% I-SMA with
a small amount of II-SMA for the mouse but about equal
amounty of I-SMA and H-SMA for the rat. Thus, the ratio
of I1I-H to [1I-NH, both in vivo and in vitro suggests that
deainination of I-SMe is more important in rats than in
mice.

The UV spectra of triazinones give abaorbanices char-
acteristic of the substitution pattern on the ring, allowing
comparison of the mercapturic acid metabolites with I-
SMe and II-SMe. The TLC-isolated mouge microsomal
product is primarily I-SMA since the spectrum in methanol
has two main abeorbances {2, as nm (og ¢}, L.e., 223 (4.0}
and 296 (3.6}, very similar to those of I-SMe with 227 (3.9)
snd 293 (3.9). The rat winary mercapturic acid fraction
is almeat only II.SMA, giving 238 {4.2), much like that of
11.5Me with 236 (3.1).

Methylation of the rat urinery mercapturic acid fraction
gives two dimethyl derivatives with spectral features fur-
ther supporting the identification of this metabolite as
primarily II-SMA. Thus, treatment with diazomethane,
followed by HPLC and TLC, results in the izolation of two
products. The CI-MS far each compound gives & (M +
1)* signal of 343, the expected mass of II-SMA after me-
thylation of both the ring and the carboxylic acid. Table
IV compares the spectral data of the two methylated de-
rivatives of the mercapturic acid (Vb and VIib) with the
three methviated products from I[1-SMe, V-¥Tla, and the
related compounds V-VIlc. The UV A, values of the
methylated mercapturic acid derivatives cortespond to
those of the N-2-Me (239 nm} snd the O-Me (246 nm)
compounds. Clearly, the mercepturic acid metabolite is
methylated at the N-2 and O positions as anticipated for
I-3MA.

Perecid Oxidation of Metribuzin and Deamino-
metribuzin. The reaction of [-SMe with MCPBA in
chloroform st 0 *C proceeds as follows (Figure 2):

1= Gy — {—S)01Me —= 11 ™—HNH,

| |

1l m—5ME —= 1L-=S5151Me —= 1]]—H

I-8{O1Me is the principal product formed with 1 part of
MCPBA to 2 parts af I-SMe (30~40% yield based on
MCPBA). With increasing oxidant (1:1, 2:1, and 41
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Figure 2. Heaction rates and product profiles for varying ratics
of metribuzin to m-chlaraperbenzoic acid in chloraform at ¢ *C.

MCPBA~1-8Me), I-8(O)Me is rapidly converted to III-
NHjy, which becomes the major final product. At the 4:1
ratio very little I-S(0)Me is detected, even at short reaction
times. The proguct profile indicates that [-S(OMe serves
as the intermediate in forming III-NH,, a proposa con-
firmed by finding that MCPBA directly converts I-S(Q)Me
to [11-NH,.

The deaminc derivativea [I-SMe and III-H are minor
products. [-SMe is oxidatively deamineted to H-SMe but
at a very slow rate compared with suifoxidation. III-H is
the final product resulting from oxidation at both the

.8SCH, and NH, groups and becomes aignificant only with

& large excess of MCPBA. Studies comparable to those
shown in Figuze 2 but with II-SMe establish a much slower
conversion rate for II-SMe to II-S(0)Me and in turn to
IH-H than for the analogous reactions in the I-SMe series.
11-5(0)Me is formed slmost quantitatively on oxidation
of Ti-8Me with a alight excess of MCPBA, showing that
in this case sulfoxidation is much faster than subsequent
cleavage to the diketo compound. II-S{O}Me is not de-
tected as & product on treatment of I-SMe with MCPBA
because little II-SMe is formed and its subsequent oxi-
dation is slow.

Preparation, Properties, and Reactions of Metri-
buzin and Deaminometribuzin Salfoxides. 1-S5(0)Me
and {I-S(0)Me are formed in 70-80% vields (NMR) based
aon MCPBA and can be isolated in 37 and 70% yields,
respectively, on MCPBA oxidation of I-SMe in chloroform
and of II-SMe in acetone at 0 *C. \LS{(0}Me iz rarely
obtained in >80% purity due to decompogjtion to I1-NH,;
partial decomposition octurs within 1 day-either neat or
in chlaroform at 8 *C and complete breakdowm is evident
within 8§ h at 25 °C. II-S(0)Me, obtained in >95% purity,
is atable for weeks as a crystalline solid at 0 °C and for at
least & few days at 25 °C.

Suifoxidea I-S(O}Me and II-S(0)Me are identified on
the basis of their reactions, describad below, and of their
spectral features that are characteristic of suifoxides
(Silverstein et al, 1981). They each give CI-MS base peaks
appropriate for monooxygenated derivatives, = strong IR
band at 1050 em™! associsted with the S==0 tion,
a UH MMR spectrum with a signal for the S(O rotons
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Figure 3. Reactions of metribuzin. Abbreviations: der, deriv-
atization; m, mouss; me, mouse snzyme; o, MCPBA: 1, rat: re,
rat enxyme,

shifted 0.5-0.6 ppm downfield from the SMe protons of
the parent compound, and a *C signal for the S(O)Me
substituent shifted 24-27 ppm downlield with respect ta
the parent SMe group.

The thio] 34-dichlorobenzenethiol reacts quickly with
1-S(0O)Me and 1T-8(0)Me, displacing the S(O)Me group to
form thicethers I-SAr and [I-SAr, respectively, which are
crystaliine or solid products; en analogoua reaction was
used to characterize cyanatryn sulforide (Bedford et al.,
1975). [-S(0)Me and [1-S(O)Me also react with NAeCys
to give products with chromatographic properties identica
with those of the mercapturate metabolites of [-SMe
discussed abave.

The protein BSA also reacts readily with 1-S(0)Me at
physiological pH. Thus, addition of the crude reaction
migture of 1“C]1-SMe and MCPBA [containing ~25%
[-S(0)Mej to BSA leads to binding of about 5% of the

- totad radioactivity compared to only 0.1% binding for an

equivalent reaction of BSA and ["C]I.8Me with no oxi-
dant.

DISCUSSION

Several chemical and metabolic reactions of I-SMe are
given in Figure 3. Sulfoxides 1-S(0)}Me and 1I-8(0}Me,
from MCPBA oxidations of I-SMs and 11-SMe, respec-
lively, are reactive, electrophilic compounds. I-S{0O)Me
is harder to isolate and lesa stable than II-S(0)Me. Further
ozidation of I-8(O}Me with MCPBA gives diketa deriva-
tive {{I-NH,. The mechanism of this conversion (formally
a replacement of S(0)Me with OH followed by tautom-
erization) is not known. Although & posaibls short-lived
intermediate, no sulfone has been isolated or identified by
TLC or NMR of the reaction mixture. A side reaction in

-, ~
s i £ EL % on b
pvendie 1 (eons'® LG O

= e — N T

£

MCERBA oxidation of I-8Me is the loes of NH,, resulting
in {I-8Me. Reactions at both sites to give II-H is jin.
portant only with a large excesa of MCPBA. No intes.
mediates sre detected in the deamination reaction.

In vitro metsholism of I-8Me with rat or mouse fiver
wicrosomal enzymes ocours at both the N-NH, and 3)M,
substituents, The enzymes involved require NADPH ang
are induced by phenobarbital, suggesting an oxidative
machanismn for both processes. In contrast, deamingtion
of [-SMe in plants appears to be a reductive cleavage
(Fedtke and Schmidt, 1983). I-S(O)Me is the propoged
intermediate in yielding thiol conjugates and protein de.
rivatives. Analogous pathways are known in mammalian
metabolism of other sulfur-containing pesticides (Casida
et al., 1975; Bedford et al., 3975; Hubbel! and Casida, 1977
Crawford et al,, 1980; Hutaon, 1981). Formation of i-3¢
reguires oxidative activation by microsomes and is not
dependent on the soluble fraction, indicating that conju-
gate formation is mediated by & microsomal GSH S.
transferase or is due to direct chemical reaction betwean
[-8(0)Me and GSH; the latter proposal is consistent with
the demonstrated reactivity of chemically formed I-
S(0)Me. Systems lacking thinls generally give more up-
identified products and streaking on TLC, possibly due
10 decompoaition of 1-S(0}Me to III-NH, and other com-
pounds. No IV-NH, iz detecied in the microsomal uxi-
dations, suggesting that .SMe does not undergo S-de-
methylation. No attempt was made ta look for products
resulting from oxidation of the tert-butyl group.

"The findings on in vive mammalian metabolism parailel
the in vitro results. Deamination appears more important
in rat3 than in mice, ns i also the case for microsomal
metabolism. The lack of {*Clcarbon dfoxide formation
by rats treated with {carbonyl-HC]-SMe suggests that ring
opening followed by decarboxylation does not occur.
Mercapturic acid formation iz a major metabolic pathway,
consigient with initial formetion of a sulfoxide followed
by conjugation with GSH. Sulfoxidation in mice appears
1o activate I-SMe for conjugation with GSH until the thiol
is depleted and then for reaction with tissue proteins and
asgociated bepatotoxicity (Bleske et al., 1984).
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Interaction between y-Hexachlorocyclohexane and the Gastrointestinal Microflora
and Their Effect on the Absorption, Biotransformation, and Excretion of Parathion

by the Rat

Robert W. Chadwick,* M. Frank Copeland, Ritchie Froehlich, Nathanie! Cooke,
and Douglas A. Whitehouse

Pretreatment of rats with the organochlorine iusecticide lindane reduced the eatimated absorption rate
of parathion from the gastrointestina! tract. Lindane pretreatment slso significantly reduced the
metabalism of parathion to p-pitrophenol in vivo. Lindane pretreatment altered the gastrointestinal
{GI) microfiora by incressing the ratio of anaerobes to aerobes. Consistent with this alteration was a
signiftcantly greater retention of unaltered perathion and the microbial metabolite aminoparathion in
the G tract of the lindane-pretreated rata 1 h after the administration of parathion. Enhanced conversion
of parathion to aminoparathion together with a slower absorption rate may play a role in the antagonism

parathion toxicity by lindane.

in the past it has been widely reported that pretreat-
ment of animals with helogenated chemicals antsgonizes
fle loxicity of organophosphate pesticidea (Ball et al, 1954;
Tricle and Ceon, 1966; Townsend and Carlson, 1981; I+
erson, 1976; Mendoza and Shields, 1978; Welch and Coon,
1364; Triolo et al., 1970). Moreover, this antagonism has
generally been attributed to induction of either esterases
or hepatic mixed function oxidases. While examining the
dynamics of the absorption, biotransformation, and ex-
cretion of parathion {0,0-diethyl O-(p-nitrophenyl)
phosphorothioate], we cbserved that prerreatment of rats
with lindane (y-hexachiorocyclohexane) impaired the es-
limated sbsorption rate of parathiou. Corresponding to
this impaired absarption, significantly lower excretion rates
during the initial absorption were also observed in the
lindane-pretreated rats. A series of experiments designed
to determine the mechanism by which lindane elicited
these effects produced data rhat indicate that altersd
gastrointestinal microflora may contribute to the protective
effect of lindane and possibly other halogenated chemicala
againat the toxicity of ingested organopheephate peaticides.
MATERIALS AND METHODS
Apperatus. Gas-liquid chromatographic analysis was
periormed on a Tracor Model MT-220 gas chromatograph
eqnipped with a ®Ni electron capture detector (ECD) and

U.S, Environmenta! Protection Agency, Health Effects
Research Laboratory, Developmental Biology Division
{MD 67), Perinatal Toxieology Branch, Research Triangle
Park, North Carotina 27711,

62

a flame photometric detector (FPD). Urinary p-nitro-
phenol was determined by ECD on 1% SP1240-DA on
1(0~120-mesh Supelcoport at 170 *C with 80 cm®/min of
95:5 methane—argon carrier gas. Derivatized diethyl
phosphorothiote acid (DETP), diethylphosphoric acid
{DEP}, and persoxon {0,0-diethy! O-(g-nitropheny!)
phosphate] were determined by ¥PD with 3% OV-1on
80~-100-mesh Chromosorb W at 210 *C. Aminoparathion
and parathion were anslyzed by FPD with 3% QF-1 on
80-100-mesh Gas-Chrom @ at 185 *C. Air, H,, and N,
carrier gas flows wern regulated at 100, 50, and 60 cm?/min,
respectively.

Reagents. [ring-2.6-1CjParathion (specific activity 12.2
mCi/mmol and 9§% puyity) was obteined from Amersham
Corp., Arlington Heights, IL.” Parathion, aminoparathion,
DETP, DEP, paraoxon, and linflane were obtained from
the EPA, Health Effects Research-haboratory Analytical
Reference Standards Repository, Redearch Triangle Park,
NC. Pentafluorobenzyl bromide (P¥B«Br) was obtained
from Aldrich Chemieal Co., Milwaukee, WI. Tetra-
hexylammonium hydrogen sulfate was obtained from Regis
Cherical Co., Morton Grove, I1; 3% QF-1 on 80-100-mesh
Gag-Chrom @ and 3% OV-1 on 80~100-mesh Chromosorb
W were obtained from Applied Science Laboratories, Inc.,
State College, PA. 1% 5P-1240 DA on 180-120-mesh
Supelcoport was obtained from Supelco Inc., Bellefonte,
PA. Thioglycollate meditim was obtained from Becton,
Dickinsen and Co., Cockeysville, MD. Bacte nutrient
broth was obtained from Difco Laboratories, Derroit, ML

Procedures. Separate experiments were cza cted to
determine (1) the effecta of pretreatment wit: ane on



HED Records Center Series 361 Science Reviews - File R058668 - Page 29 of 43

Data Review:

Study Identification:

Study Title: The Metabolism and Excretion of SENCOR in Rats.

EPA Identification Humbers:

Sponsor: Mobay Chemical Corporation
Chemagro Agricultural Division
Kansas City, Missouri 64120

Testing Laboratory: Chemagro Division of Baychem Corporation
Research and Development Department

Report Number: 33366

Date of Study: May 1, 1972
Revised July 5, 1973 (to add additional information)

Study Authors: D.R. Flint
R.R. Gronberg
F.E. Sandie

Study Director: T.B. Waggoner

Test Compound: SENCOR [4-Amino-6-t-butyl-3-{methylithio)-1-2,4-
triazin-5(4H)-onel (below) initially tabeled with
carbon-14 in the carbonyl group* and with tritium
in the s-methyl group**.

Radiolabelled SENCOR

29
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Dosages: First excretion study: 4 mg SENCOR - 14C, 3H in 0.8 m!
50% aqueous ethano! for a dose rate of 20 mg/kg in a
200 gm rat given orally by gavage {stomach tubel.

Second excretion study and tissue residue studies: SENCOR
{presumably 14¢ tabelled onty , atthough not clearly
stated) administered orally as a suspeansion in 0.5%
agueous gum tragacanth For animals weighing 160 to 165
gm, dosage volumes of 0.75 to 1.00 ml per animal were
administered (presumably by gavage). The dose rates
were calculated as 100 and 50 mg/kg for these studies.

Test Animals: Rats, Sprague-Dawley strain
Sprague-Dawley Company

Experimental: A copy Of the experimental section from the
investigators report is appended.

There was no clear indication as to how many animals were used
at study initiation, however the results section states that one
mate and one female rat were used for the first excretion study,

2 males for the second excretion study and from the tables, 2

males and 2 females for the tissue residue studies. Also the age
and sex of the animals was not given {although the resuits sections
mentions matle and female).

Apparently 2 excretion studies were conducted, one using
gtass metabolism cages with collection of respiratory gases and
the other study using plastic with no collection of gases.

There was no mention of the purity of the test compound {(a
statement was made: "All equipment was standard except as lTisted
and all chemicals were reagent grade or better.”).

There was no indication of the time period for observation
of animats {Guidelines state 7 days or until! 90+% of the
administered dose is excreted, with the animals in jndividual
metabolism cages), although the individual tables in the final
report state collection times.

The invest%gatarslsxamined expired air {(only in the initial
study for both “H and ), urine, feces, blood, plasma, liver,
kidney, heart, brain, muscle, testes, ovaries and fat. There was
apparently no analysis of bone, lungs, spleen or residual carcass.
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Results:

Excretion Studies:

The first study (using 14C, 3H 1abelled SENCOR) involved only 2 animals, one
male and one female. The investigators reported sex related differences in excretion
where in the maie, 60.7% of the recovered radioactivity was found in the feces and
in the female, 57.4% of the recovered radioactivity was found in the urine {over
90% of 14C was recovered in urine and fgces of both animals over a 16 day period).
These values probably include measured “H levels as the total values on Table
I do not totally agree. They further stated that no 1%C was recovered in the
expired air. Sex related differences were also seen in the blood and tissue
studies {to be discussed later).

The second study used 2 male rats {using only 14C labelled SENCOR). The invest-
igators found 45.89% of the radioactivity in the feces and 56.27% in the urine, from
these finding they justified their reason for not collecting expired air, since the
total was 102..6% of the administered radioactivity. See Table I. The excretion
peak levels from this study were generally in agreement with the earlier study.

Table I: Excretion of Radioactivity (% of administered radioactivity)

Hours Post- Male Female } 2 Males
Administration Urine Feces Urine Feces { Urine Feces
6.0 - - - - | 7.86 -
7.0 8.21 0.08 7.27 0.06 | - -
7.5 - - - - | - 0.75
9.0 - - - - | 3.24 -
12.0 4,78 9.21 10.23 0.93 ! 5.09 -
18.0 13.51 4.77 17.70 9.08 ! - -
24.0 4.59 6.43 8.50 6.73 | 18,90 -
30.0 2.42 25.23 2.85 12.73 ! - 29.80
48.0 1.25 6.38 3.02 7.04 ! 9,52 21.76
72.0 0.52 2.60 1.10 1.78 | 0.45 2.74
96.0 - - - - | 0.47 0.36
100.0 0.26 0.39 0.41 0.05 | - -
120.0 - - - - ! 0.36 0.87
124.0 0.11 0.10 0.20 0.05 | - -
16 days 0.3% 0.34 0.57 0.14 | - -
!
TOTAL 36.00 55.53 51.85 38.59 | 45 _89 56.27

Data extracted from CHEMAGRO Report No. 33366 Tables I and I1.
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Tissue Residue Studies:

These determinations reportedly involved 2 male and 2 female
rats. The investigators stated that the residue levels were
“generally similar” between the male and female rats except at 28
hour (after administration) interval which showed the females
retaining more of the radioactivity in all tissues examined.
After this time point the decline is similar, however the females
still show slightly higher levels. There were not enough animals
for statistical evaluation. The investigators further state that
this was due to "sex-related differences in rates of absorption,
metabolism, distribution and/or excretion”. The table which they
present for "half-l1ives” compares different interval measurements.
See Table I1.

Table II: Radioactive Residues in Rat Tissues {estimated "half-
{ives™ of total f*C 1in hours]

Tissue Matet Fematet?t
Brain 21.1 22.4
Heart 26.4 33.6
Liver 30.4 33.6
Kidney 26.9 31.2
Muscte 21.3 24.5
Testes or Ovaries 18.4 30.4
Fat 25.0t%+ 24 .8
Bitood Plasma 19.1 27.2

T - determined over a 24 to 96 hour interval.
tt - determined over a 48 to 96 hour interval,
¥ttt - apparent biphasic decay curve after 24 hours.

Data extracted from CHEMAGRO Report No. 33366 Table I1II.

The investigators noted high tissue residue levels in liver
and kidney (stated "presumably due to concentration in these
organs for detoxification and elimination")}. As can be seen in
Table II the female rat presented with higher residue levels in
heart, kidney, sex organs and blood plasma than the male rat.
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Metabolite Identification:

From earlier metabolism studies in thé soybean plant, three
metabolites have been identified.

o) 0 0

R " R NH Rj)\ms

| ms\cu m 3‘ J\N/Lc'
3 H H
A B c

= tertiary butyl

DA, deaminated SENCOR, also called BAY Dic 2058
- DK, diketo SENCOR
- DADK, deaminated diketo SENCOR, also called BAY Dic 2164

Oy o =)
]

These metabolites were also identified in the animal studies.
However, not all the residues were accounted for in the present
study and many of the methods employed by the investigators
destroyed much of the primary metabolites; this was especially
true for the conjugate hydrolysis methods. The investigators
should have employed non-harsh methods which could have involved
the pre-separation of the metabolites prior to analysis and then
study each metabolite separately.

Urine:

The investigators employed thin-layer chromotography {TLC)
methods for urine studies. They observed that very polar solvent
systems were needed to separate the samples and stated that this
indicated that there were "either highly polar metabolites or,
more likely, conjugated metabolites".

Enzyme incubation did not substantially change the pattern
urine metabolites. The investigators then employed acid hydrolysis
and found that one third of the radjoactivity in the urine was
rendered organoextractable. The organcextractable fraction was
submitted to gas chromotographic analysis and SENCOR, DA, DX and
DADK metabolites were found.

From other experiments the investigators stated that they
found that the conditions of hydrolysis (not given) can affect a
near complete de-thiomethylation of SENCOR and the DA metabolite
to produce the DK and DAOK metabolites, therefore the procedure
of using acid hydrolysis after enzyme treatment was not an accurate
determination of urine metabolic distribution.

Studies with potatoes found that incubation in buffers of

near neuytral pH at 37°C could release significant amounts of
SENCCOR without other treatment.
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A pooted 24 hour rat urine specimen was first deproteinized
with perchloric acid and then extracted twice with isopropyl
ether {IPE). The IPE extracts were analyzed by gas chromatography
revealing small amounts of SENCOR and the 3 metabolites. The
water soluble portion was analyzed by gel filtration. Two large
fractions were found and were further treated by hydrolysis and
ion-exchange chromatography. Although the investigators state
that work in the area is not complete, they feel that significant
amounts of the fractions they found from gel filtration are
conjugates of SENCOR and its metabolites.

Tissues:

Liver and muscle tissues from male and female rats were
homogenized in a two-phase water-chloroform system and each phase
was assayed. They found slight differences in liver distribution
of the compound between the male and female rats, whereas muscle
distribution showed no sex related differences. The insoluble
residue from the 28 hour female rat liver tissue extraction was
also assayed using various enzymatic and hydrolytic methods
{betow).

The investigators evaluated several procedures and decided
tc employ a pepsin digestion followed by an acid hydrolysis of
the aqueous phase. They were able to render 94-36% of the activity
in the muscle, 55-78% of the activity in the liver and 43-58% of
the activity in the kidney organosofuble. They could also render
63-96% of the activity of the brain and heart organosoluble
without acid hydrolysis.

Tissues from male and female rats, collected at 4 and 28
hours after 1%C-SENCOR administration showed similar patterns of
metabolites {no sex related differences). They determined that the
DA metabolite appears early with the DK and DAOK metabolite being
produced at later intervals.

" The scheme is as follows:

SENCQR » DA ? DADK

The investigators state that "the solid line indicates the
more active pathway". However it is noted that on page 15 of the
report boeth dotted lir=s point to "DX" and on page 16 one dotted
line points to "DK" and the other to "DADX". The latter is
consistent with the findings of the report.
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Feces:

In a preliminary investigation the investigators tried
organic extraction with acetone, methanol and then water. They
were unable to extract the isotopes. TLC analysis yielded little
information. No other procedures were tried.

Conclusions:

The excretion studies found sex related differences with
the males excreting the radiolabel primarily in the feces and
the females excreting the label primarily in the urine, however
this reviewer feels that an inadequate number of animals was used
in this study {one male and one female in one study and two males
in another study}. Tissue distribution studies also suggested
slight sex related differences in distribution up to the 28 hour
interval {after administration) with similar patterns of reduction
in residue levels after that time point {however the females
tended to present with higher overall levels at all time points
measured}. These studies also used an inadequate number of
animals.

The investigators found a metabolic scheme for SENCOR in
rats that was similar to what was found in an earlier study in
soybeans. The metabolites that were identified are:

deaminated SENCOR (DA}, also called BAY Dic 2058
diketo SENCOR (DX)}
deaminated diketo SENCOR {0ADK)}, also called BAY Dic 2164

Additional metabolites were not identified.
The following are the study deficiencies:

The numbers of animals used was inadequate.

The age of the animals was not provided.

The purity and clear isotope identification of the
test compound was not given.

Rationale for time frame used for collection of
urine, feces and expired air since there should
have been some time points earlier than the 7.0
hour in one study and 6.5 in the other.

5. There was no tissue analysis of bone, lungs,
spleen and residual carcass.

- [

Core Classifjcation: Core-Supplementary Oata based on above
deficiencies.
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The Hetabolism and Fxcrevion of SENCOR in Rats

INTRODUCTION

SERCOR {BAY 94337) 1s a pre~ and pest-emergence hetrbicide being developed
ynder. license Fros Farbenfabriken Bayer AG for use with soybeans, potatces
and other zrops for the ewntrol of brpadleaf and grass weeds; it has zlso
shown good potential as ar aquacic herbicide. Possible residues in food
erops require knowledge of thelr degradation and eliminacion in animal
systems. The following scudy describes the metabolism and exeretion of
SERCOR in rats.

EXPER IMERTAL -

I. Materials \\\

SENCOR (1) [4-Anino—6-Z~buryl-3- (methylthie)-1,2,4-triazinS{4H? -one] was
synthesized by Xoch el af. (1) labaled with carbon-l4 in the carbenyl group
and with vricivm in the S-merhyl group. The radiccarbon-labeled material
used i{n later studies was synthesized by Robinsan {2). 'The strutture and”
positions of the labels are shown below:

el

R (CH3)3C

SENCOR mecabolites, identiffed in a previous study 3,
Farbenfabriken Bayer AG, West Germany.
vhoge structures are shown below,

were obtained from
The three metaholitge standards,
weare idencified as follows:

Il = DA, deaminated SENCOR (BAY Dic 2058)
I1T = DK, dikeco SENCOR

IV = DANRK, daﬁminatad diketo SENCOR (BAY Dic 2164}

J

Do
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e
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FXPERIMENTAL (Continued)
. ‘ ‘ {
apts used in this scudy were albino laboratory rats cbrained from Spragué-
Dayley Company. The anizals wers wmaintained on Purima laberatory Chow and
tap water ad £ibilum before and during all experiments., The animals were
sllcwed to become accustomed to local surroundings for at least thriee days

sefore beginning experimentacion.

. Q
!
f l N—-H l -,
& \ 0
) S\m’a ;
I11 L

R = tertiary bucyl

All equipumenc was standard excepr as 1isted and all chemicals weres reagent

H ;raée or better. |
Methoda o 3 ’
{ } Dose Preparation and Administration. 4&ndmals used in the first excrecion
'

study were given SENCOP-+“C,”H {n 50Z aqwecus ethancl. The rtechulexl
I racerials were dissolved in the vehicle and given to each animal viz
: stomach tube. The animals weighed ca. 200 graems each and each was given
4 mg SENCOR in 0.8 ml vehicle for a dose rate of 20 mg/kg.

Animals used in the second excrerlon study and in the risswe residue study
i were also given SENCOR corally. Larger dose rates wete employed in these

studies, hovever, and complete solwtlon was not possible in a small volwme
of any desirable solvent. SENCOR was adeinistered to these #nimals as a
suspension in 0.5 agweows gum Cragacanth., Anlmal welghts were 150-165
szazs and dose volumes were 0.75 - 1.00 ml per animal. The dose rates
were 100 and 30 wg/kg for the second exeretion and tissue residue studies,
i tespectively,

Page 3 of 35
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EXPER IMENTAL (Continued)}

Sample Collection and Storage. 1In the first excretion study, urine, Teces
£nd sxpired gasas werc collected by means of Roch all-glass metabolism tages.
Expired gases were tollecced in ethanolamine towers attached to the cages.

1 kir was first passed through Orierite/Ascarite telumns, then through the

] . tages zoad finally through the adsorption towers at a rate of abour 300 cc/fmin.
j f Aliquots of the ethanolamine solution were tollected perfoditally for radio—
- £5E3Y .

' ' .
Urine and feces vere collecfed {n the second excretion study using plastit

: metabolisam cages (Maryland Plastics, Intorporated). The plastic cages uar=
equipped to separate urine and feces bur had no facility for the cer'lettion
of egpired gases. The capes were modified to permit immarsio= of the uripe
collection vessel in an ice-bath.

For tissue sample collection, the anizals were sacr®flced at appropriate
intervals by decapiltation under diethyl ether an~ithesia. Blood wag

S irmediately drained from the catcass {ate 5 o™ J.85Z saline tontaining 10

) USF units of amsonium heparinful. The blo-< mixture was sampled immediacely
- for tadicassay then centrifuged and the ,lasma sampled for radicussay. The .
. remaining sawple was stored frozen. Uissues were colletted immediately afeer
exsanguination. They weve weighed ind immediately frazen for storage.

] . © Urine vas sampled upon collec”on for radicassay and the remsainder stored
froten. Feces were frozen immediately upon collettion,

Radiometric Analyses. Quantitative analysis of all sampies vas accomplished
by radinmetric assay using liquid scintillation spettromacry. Samples vere
wezsured in 2 Tzl-Card Liguid Jeintillation Specttometer (Model 3375, Packard
Instruflent Company) equipped with automatit external standarditation (AES)
for the devermination of absclute attivwity, Varlous samples were prepared
for radiometric analyses as follaws: :

AR I LA Tt L
LI Y e 2

" 1. Whole blood (diluted with saline) vas applied dirsctly to approximately
100-200 mg absorbent cotton in aliquots of 0.1-0.5 ml and carefilly -
dried under heat lamps. The cotton and blood were then combusted in a B3

¥

Tri-Carb Oxidirer (Medel 305, Packard Instrument Company) according
to the smanufacturer's instructions. .

Y

2. Blood plasma (obtained from tentrifugation of the diluted whole blood)
was pipetted directly into the sample-oxidizer cocktail in aliguots of B
0.1 to 1.0 nl for dirett assay. The scincillation tockrail consisted H
of 4 ul ethanclamine, 9 «l sethanol and 7 ml scintillator solution ton~

i . taining 15 gm PPO {2,5-diphenylozazole) and 1 gm 544 MSB {p-bis-

{o—methylstyryl)-henzene] per liter of toluene.

4 '!I
o
]
ot
-
-
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; EXPERIMENTAL (Continued) »
] 3. Urine was zssayed directly in azounts of 0.03 te 1.0 =] in a "friton-%X"
3 scintillation cotktall composed as follows: 5 ml aqucous sampie (di- ik
luted to § ml with water if 'necessary), 5 =1 Triten X-100 and 10 =l 2
scintillator solutica concaining 42 ml Spactrafluor PPO-POPOP (Amer - o
- sham/Searle, Incorpo:atei) per liter of toluene, R
| 4. Feces vere ground in the frozen state by fivrst tooling the frozen '_Q.;
" fecal pellets contained in stainless steel cup In a dry lcefaczetone k-
. hath, The cup was then ficted to an Cmnl-mixer {lvan Sorvall, Ingor- F
porated) for grinding at high speed. appreximately 200 mg of rhe . E'."‘_"
E - ground, ftozen feces were welghed accurately onrfo cotton for tom- , e";‘,
] bustion in the oxidizer as in 1. above. %3
- - o
- 5. Tissues were taken from frmzen storage and ground {(without.prier ’_;"
F thawing)} in a mortar in the presance of liquid nitrogen. Approxi- =
] mately 200 mg of the tissue powder was tombusted in the oxidirer 7
. a3 before except for fat where aliquots werc limited to 25 - 50 mg x
E ’ to permit complete tozmbustion, ]
- T :-j‘
6., Various other sampies (solvent extracts, agueous column fracticns, etc.) E.":;
were 2s5sayed In the Triton-X system as described earliler, >
£ 3 Thin-layer Chromatography (1LC). Thin-layer chromato:raphy was perforued
a5 on S{lics GFysy (E. Hertk, Darmstadt) pre-toated plates of 250 mitron layer
3 thickncss. Two solvent systems vere employed with the following separations:
1 -J Rf for
» SENCOR DA DX DADK
E System A - Ben:ene:CHCl3:p~dioxane 0.51 0.45 0.28 0.36
3 (6:3:3)
23 3 . N L . /"’“‘\‘ -
[ System B - CHC1,:p-dioxane (9:1) 0.77 0.59 ({9463} on -
3 "“K_‘__ 7 ,h._“‘.c\
] —— { - ]
"Visualization" of separated compounds was accomplished rhrough fluotescent ) '-E
i . quenching on the layer and/or scanning for vadioacriviey on a Varlan/Becethold 3
3 _ TLC scanner (Hodel 6000-1, ¥arian lnstrument Company). X
; )
Gas [iguid Chromatogrzphy (GLC)}. CLC analyses were performed on a Betkman ’;i
i GC-4 pas chromavogeaph equipped with a helium-tonization eleccton tapcuce e
4 detcetor. A glass U-tube ctolumn, 1/8" o.d. x & fr, packed with 3IX PPE-20 -
on Supelcopoct BO/100 mesh (Supelco, lncorporated) conditioned at 220°C o
after overnighe purging with tarrler gas was employed for ssparations. .
Y
E, L\l
Ling
P,
; o - -
284 )
. -]
j Page 5 of 33° - f‘
Qin s A Tae= 5 m-.}qm__‘ i




HED Records Center Series 361 Science Reviews - File R058668 - Page 40 of 43

rwm“mm S i

2 |1 BaST DOCLINT AVAILABLE

B4 111a)0 Ravad

LA b

PRI

[T

b

———

e ——— i

[ Lecs

C10-

_of decreasing molecular weighe.

-‘m‘_ﬂ_ﬁ_._ L
L ——————— =

33366

Report Ho.

EXPERIMENTAL (Continued)
Operating conditions were as follows:
‘Gas Flow Rates {(cc/min): Helivm {carrier} 30

Helium (derector) &0

- Carbon dioxide (detector) ca. 2

Temperatures ("C): Inlet, 210

Column, 184

Detector, 240

Detector Polari:ing Yoltage: 310 Volts D.C.

An excellent separation of SENCOR and the three knoun metabolites was
obtained with thiy system. Approximste retenflon times were: SEINCOR,
8.2 minutes; DA, 11.5 minutes; DK, 6.3 minutes and DADK, 3.1 sinutes.

e electro ture detector afforded excellent zensitiviry with thesa
cunds;” the minimuer quantitatablz amount being approximately 2.5 x
gz {for DADY, the least responsive).

{

Cel Permeation Chromatogranhy (CPC).
polydextran beads (Pharmgcia Fine Ghemicals, Incorporated). The beads
(1DD gm} were swollan overnight in disrilled water and then poured ioto
a glass column (Chromatronix, Incorporated) 23 ineches in length having
a bore of 1 inth. The final bed volume of the gel was 228 ml. 4 con-.
tinucus Elow of discilled watet of 1.25 wml/min was maintained threugh
the column., The void volume of the column, as determined with Dextran
Blue, was 82 ml. A "molecular size' calibration turve was prepared for
the column by measuring the elution volumes of five standard tompounds
The curve, which is shown superimpeosed
was piepared from the following elution volumes:

on Figure &,

Standard Compound Holecular Weight

CPC was conducted with Sephadex C-10

Elution Volume TE

Dextran Blue cx. 20,000 70-38 =1
Evans Rlue 360 §0-92 =l
Bromthywol Blue 646" 120-140 =l
p-nltrophenyl Civcoaide ol - 288360 ml
Hethyl Red 269. _ 660-820 ml

Fracrions of the eluate were collected
(LEB, Incorporated),

Page 6 of 35
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EXPERIMENTAL {Continued} -~

lon Exethange Chromatography. Ion exchange liquid column chromatography was
used for separation of radicactivity In urine ftactions taken from the GPC
tolimn. An estimate of fon-exchafigeabilicy was performed using small columns
{ca. 10 ml bed volume) of Dowex-SO{H*) and Dowax-} {CL™) pouted in water and
eluted firse with water and chen increasing toncentrations of HCl or HaOH
respectively, up to 5.0N. An estimacion of anion-exchangeadility was per-
formed with DEAE, AE and PAB cellulogse packings in a similar manner using
watet and 3N NH&OH for elution.

AE cellulose was thosen for the fina)l separation of GPC tolumn arine fraccions.
The protedure used with this cxchanger was as follows., One gm Celu ION AE
{Fut-itional Biochemirals Corporation} was slutried in discilled water, sonicated
for a few minutes iz a sonicator bath {Desontegrator, Ultrasonic Induscries,
Incorporated} and alloved ro sactie for about ten minuces before decanting

off the "fines." Resuspension, sonitation, settling and decancation were
repeated twite wore. The packing was then poured into ap 8 mm i.d. x 40 =m
glazs colwun (Fisher & Porrer, Incorporatetd}, using a glass fibre filcer

paper pad on the glass frit support. The tolumn wax filled te about 30 tm
with water before addition of the slurry; th2 slurry was added in several
portions. The sample was added te the top of the coluan in 1 ml water and
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] eiuted with a gradlent of M, 0H. Thc tomplex gradient was achieved with a
:1Y_ Warigrad (Buchler, Incorporated) using thtée tanks containing 50 ml each
b A . of water, 0,1N and 1.0N KH, OH, tespeceively, One ml fraetions Were collected
I during gradieac elucion with the Traction collmctor described earifer.
- -1 .
1 b Enzyme Incubarions. Urine and tissucs were incubated with various hydeolytic
2 and proteolytic enzymes under varying conditions dependent on the properties
] of the enzyme. All incubarions were performed in a vatat bath shaker at
E 37°C for 16 - 18 hours in 0.1IN sodium acetate buffer {urine) oc M/15 sodium
- phosphate buffer {tissues). Enzyme concentrations and pH's of ifotubation
. were ag follous: A
E 3 We/mg or
f 3 . Enzyme ) ml Substrace . Substrate pi
- -
. q-glucuronidase 10 mg Urine 5
3 Aryl-sulfactase 5_mg ' Urine 5
T g-gluturonidase 52 pg : ‘Liver 5
Aryl-sulfacase 24 ug Liver 5
3 Irypsin ° 33 ug _ Liver 7
1 Papsin 130 ug - Liver 5
4 Ficin . 42 ug Liver 7
1 Papain ] Cenditions taken from reference (4)
i
J
:
:
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EXPERIMENTAL (Continued) ' : :

.

Standard substrates were included in incubations with S-gluturonidase and aryl-
i sulfatase to insure enzyme activity. There were phenophthaleis glucuronide and
p-nitrophenyl sulfate which gave appropriate color reactiens after enzymolysis.

b,

Chemical Hvdrolvsis. Urine saﬂples wers hydrolyzed dirertly with HC1l {(final
concengracion 1,083 in 2 boiling water bath for 100 ninutes. Urin® and tissue
samples were similarly hydrolyzed in a steam autoclave at 121°C (15 pst), Utine
and tissue samples were also hydrolyzed in the autoclave withour the addition

of zcid or basc.

. ‘ .
3 Mild acid hydrolysis was accomplished in & final concentration of 0.2N HCL ac
37°C while miid slkaline hydrolysis took plata in 0.0467H Naz2Cla (pH ca. 11}
e at 37 c.

kPOl

Combined tnzvye Digestion and Acid Bvdrolvsis of Tissues. One-half graa. of
tissue was homogenized in 10 ml M/15 phosphate buffer {pK 5) aud traasferred
to an incubation flask with 5 wl of the same buffer tontaining 45 mg Pcpsin
{Sigma, 1:10,000) and 15 mg B-glucuronidase (Sigma, Bacterial Type II). The
wixture was incubated at 37°C for 20 howrs in a water hath shaker (New Eruns-
wick Scientifit Company, Incorporated) and than transfaerred to a 45-ml contcal
centrifuge tube with buffer, diluting to 2 final volume of 15 =1 then centri-
fuged. Thirceen ml were axtratted twice with 25 ml isopropyl ether (1PE), and
the organit extratts were ton:entrated Tor TLC.
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One wl toncentrated HCl was added to 12 wl of the Iincubszte and tne mixture auto-
claved at 121°C (15 psi) for one hour. The pH was adjusted to 5 with 3 ml 4N

" NaOH and, after dilution to 15 ml with buffer, 1PE extrattion was repeated.

1 Aliquots were taken for radicassay after eath wanipulation.
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k ’ Deproteiniration. Various samples were deprotainized by making the sample to
0.4¥ with ACI0: ar ice bath temperature, The samples werc maintsaincd under
those conditjons for 15 ~ 30 minutes followed by reutralization with 6.2ZN

£ - K2L0a, The protein and insoluble XCI0s were removed from the sample by centri-
" fugation, .

2
L

RESULTS AND D1SCUSSION

TR

z Excretlon Experiments

Two separate excretion experiments were parformed, one used SENCOR labeled with

1 both catbon-14 and tritium and another employing only the carbon-labealed material.
! Io the former, a male and female rat were esach given a single, oral dose of

20 wglkg SEHCOR, and urine, feces and expired gases were collected, The results
of that scudy are shown in Table 1 in terms of excrctico of radiotarbon in

urine and feces and of tritium in expired gases. No radiotarbon was excreted

in the expired gases, and only about 39% of the adminiptered tritium was found

fo the vrine and feces,
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